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HLA BINDTNO PEPTTDFS W THKTT> ^ flp 

The present application is a continuation in part of 
USSN 08/027,746 which is a continuation in part of ussn 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
aethQdR „ PreSCnt in ^ion relates to compositions and 

f ° r i PreVenting ' ~ diagnosing a number of 

pathological states such as viral diseases and cancers i„ 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecule! and 
inducing an immune response. »°iecules and 

MHC molecules are classified as either Class t ^ 
Class II molecules, class II MHC molecules are expressed 
primary „» cell8 invoked i„ dieting and B JZIZT 
immune responses, , uch „ , lyDphocytes _ lyBphoc ^ n9 
macrophages, etc. class II hhc molecule. .^reco^Led by 
helper T lymphocytes and indues proliferation of helper T 
lymphocytes ^ amplification of the immune respond " L 
particular immunogenic peptide that is displayed. claesTaHc 
molecule, are expressed on almost an nucleated celL 'nd a~ 
recogni 2 ed by cytotoxic T lymphocytes (CTLs, , ™* *™ 

destroy the antigen-bearing cells. CTLs J a £££Z r 
important in tumor rejection and in fighting ^ZiT„T I- 

the cytoplasm, some of these small peptides trans^!" 
a pre-colgi compartment an* interact vL, "asTl „! ™ 
t° facilitate proper folding and association' ^ 
* microglobulin. The peptide-MHC class Hcmp^ 
routed to the cell surface for expression and ^nt".^ 
recognition by specific CTLs. P°«ntlal 
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Investigations of the crystal structure of the human 
MHC class I mol cule, HLA-A2.1, indicate that a peptide 
binding gro ve is created by the folding of the ol and cr2 
domains of the class I heavy chain (Bjorkman et al., Mature 
329:506 ( 1987). in these investigations, however, the 
identity of peptides bound to the groove was not determined. 

Buus et al., Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al., Nature 
351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 
eluted from class I molecules of the B- type (Jardetzky, et 
al., Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in MHC 
Class I has been presented by RStzschke and Falk (Rtttzschke 
and Falk, Immunol . T?flPY 12:447 (1991). 

Sette et al., Proc. Natl. Aead. , r TCft 8 6:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
fr?afl, sc i , ppft 86:4649 (1989) showed that MHC binding was 
related to immunogenic ity. Several authors (De Bruijn et al., 
BMP- ?t Immunp) ., 21:2963-2970 (1991); Pamer et al., 991 
fiatum 353:852-955 (1991)) have provided preliminar^ evidence 
that class I binding motifs can be applied to the 
identification of potential immunogenic peptides in animal 
models. Class I motifs specific for a number of human alleles 
of a given class I isotype have yet to be described. it ds 
desirable that the combined frequencies of these different 
alleles should be high enough to cover a large fraction or 
perhaps the majority of the human outbred population. 

Despite the developments in the art, the prior art 
has yet^to provide a useful human peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 



WO 94/03205 



PCT/US93/07421 



SUMMARY OF THE INVENTION 
The present invent! n provides compositions 
comprising immunogenic peptides Having binding motifs for MHC 
Class I molecules. The immunogenic peptides are typically 
between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele, a number of allele specific motifs 
have been identified. 

oh u «- AnStanCe ' notif for HLA-A3.2 comprises from 

the N-terminus to C-terminus a first conserved residue of L 

*' V ' S ' A ' T and F at Portion 2 and a second conserved' 
residue of K f R or Y at the C-terminal end. other first 
conserved residues are C, G or D and alternatively e. other 
second conserved residues are H or F. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. . 

to ' h „ The notif *«r HLA-Al comprises from the N-terminus 
to the C-terminus a first conserved residue of T, s or M T 
second conserved residue of D or E, and a third conserved 
residue of Y. other second conserved residues are A Tor T 

"* ~« -^cent'and Le 

preferably separated from the third conserved residue by Ho 

LlllToV* A T ond motif consists of a first — 

residue of E or D and a second conserved residue of y where 
TJ^JT ~ ~~ ™ — d byTto 



The motif for HLA-All comprises fr™ M 
position 2 and , c-terminal conserve residua or K ^! * 



The motif for HLA-A24.1 comprises from the N- 
termxnus to the C-terminus a first conserved reside of y F 

W M It 1 I"" 2 3 6 tOTinal c — ed residue of F I 

« or l. The first and second conserved residues arl 
preferably separated by 6 to 7 residues. 

Epitopes on a number of potential t a r« a f _ . 
can be identify *k • f«tentiai target proteins 

iaentxried in this manner p V ai>«i 

eir - -Examples of suitable 
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antigens include prostate specific antigen (PSA) , hepatitis B 
c re and surface antigens (HBVc, HBVs) hepatitis c antigens, 
malignant melanoma antigen (MAGE-l) Epstein-Barr virus 
antigens, human immunodeficiency type-l virus (HIVl) and 
papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

The term "peptide" is used interchangeably with 
"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 
oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-specif ic motif such that the peptide will 
bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

A "conserved residue" is an amino acid which occurs 
xn a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 
molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for ah 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specif ic pockets of the groove itself 
Typically, an immunogenic peptide will comprise up to ^hree 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 
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xn a peptide being a nonbinder or poor binder and in turn fail 
to induce a CTL resp nse despite the presence of the 
appr priate conserved residues within the peptide. 

The term .-motif" refers to the pattern of residues 
xn a peptide of defined length, usually about 8 to about 11 
amino acids, which is recognized by a particular MHC allele 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

The binding motif for an allele can be defined with 
xncreasing degrees of precision. In one case, all of the 
conserved residues are present in the correct positions in a 
peptxde and there are no negative binding residues present 

The phrases "isolated" or "biologically pure" refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materxals normally associated with their in ^ environment 
e.g., MHC I molecules on antigen presenting cells. Even where 
a protexn has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protexn which co-purify with the desired protein. isolated 

IZtTl ^ ?<* inVenti ° n d ° ^ C ° ntain SUCh -^nous co- 
purified protein. 

acid • J he . tOT "«•"»•" «fers to an a-ino acid or anino 

or lirTY n00rPOrate<1 in M °"9<**P"ae »y an nUe ^ 

or amide bond mimetic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow diagram of an KLA-A purificati n 

scheme . 

Fig. 2 is an SDS-PAGE analysis of affinity purified. 
HLA-A3.2 from the cell line EHM using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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A3. 2 a second acid eluate 
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Concentrated base elution 1 
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Concentrated base elution 2 
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• BSA - 1 fig 



Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
peptides . 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to MHC molecules as measured by the % 
bound radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on MHC 
concentration in the presence or absence of fi 2 microglobulin. 

Fig. 7 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. s 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent K D of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
peptide of the invention to MHC Al as measured by % bound 
reactiyity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
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Fig. 11 Scatchard Analysis of binding to MHC Al 
confirming an apparent: K D of 2lnM. 

Fig. 12 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as measured 
by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 

Figs. 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a K D of 30 
and 60nM, respectively. 

Fig. 15 shows the effect on MHC class i molecules of 
^microglobulin and a peptide of choice on acid-stripped PHA 
blasts . 

Fig. 16 shows CTL induction using GC43 A2.1 
responders and autologous acid-stripped PBMCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2 l 
responders and autologous acid stripped PBMCs or PHA blasts 'as 
stimulators after loading with the 1044. 04-1044. 05-1044. 06 
peptide pool. 

Fig. 18 shows CTL induction using GC49 A2 1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

an . f , P±g * " 6h ° WS CTL Action using GC66 Al responders 
and autologous acid stripped PBMCs as stimulators after 
loading of peptide 938.01. 

targets J^J 0 lvsis «* Peptide sensitized 

targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 

with the dllV 1 Sh ° WS " COnpariSOn ° f <* e «i* -trip loading 
with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic' 
peptide for MAGE/ All. oogenic 

Fig. 23 shows a CTL response to an immunogenic 
peptide for HIV/A3. unogenic 

Fig. 24 shows a CTL response to an immunogenic 
peptide for HCV/A3. oogenic 



WO 94/03205 PCT/US93/07421 

8 

Fig. 25 shows a CTL response to an immunogenic 
peptide for HBV/A1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention relates to the determination 
of allele-specif ic peptide motifs for human Class I MHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated With human viral 
diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known. 

Epitopes on a number of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 
core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE— 1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 
and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microf lubrimetry, peptide-dependent class I 
assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in yitss or In 
Yivs CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HLA-A 
B, and C loci, hla-a andB antigens are expressed at the cell 
surface at approximately equal densities, whereas the 
expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower) . Each of these 1 ci have a number of alleles 
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10 



15 



The peptide binding motifs of th invention are relatively 
specific for each allelic subtype. 

For p ptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by an 
MHC I molecule having a wide distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 
population. Table 1 shows the frequency of various alleles at 
the HLA-A locus products among different races. For instance 
the majority of the Caucasoid population can be covered by ' 
peptides which bind to four HIA-a allele subtypes 
specifically HLA-A2.1, Al, A3. 2, and A24.1. similarly, the 
majority of the Asian population is encompassed with the 
addition of peptides binding to a fifth allele HLA-All 2 



WO 94/03205 



PCT/US93/07421 



10 



TABLE 1 



A Allele /Sn^YP° Nf691 * 



Al 

A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A3 2 
AW33.1 
AV33.2 
AV34.1 
AV34.2 
AW36 



10.1(7) 
11.5(8) 
10.1(7) 
1.4(1) 



1.4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 



1.4(1) 
4.3(3) 
7.2(5) 

10.1(7) 
1-4(1) 
1.4(1) 

10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 
14.5(10) 
5.9(4) 



Af54) 

1.8(1) 
37.0(20) 
0 

5.5(3) 



0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 



9.2(5) 
3.7(2) 

1.8(1) 

7.4(4) 
16.6(9) 



CfSOZ) 

27.4(138) 
39.8(199) 
3.3(17) 
0.8(4) 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1-4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



1989. P '"'""l' Testing 1987, Spnnger-verlag, Mew York 

oarenS^t'" * " Asian ' - c " caucasoid. Humbers in 
the'en^ysts" represent «- of individuals deluded in 

follow J" 6 nOTenclature ««»'*» describe peptide compounds 
follows the conventional practice wherein the amino group is 

to^e tl ' (Q,B "- tOTinus ' — «» -rbo^l group 

to the right (the c-terminus, of each amino acid residue rl 
the formulae representing selected specific embodiments of the 
present invention, the amino- and carboxyl-terminal gr ups, 
although not specifically shown, are in the f rm they would 



WO 94/03205 



PCT/US93/07421 



11 



assume at physiologic p H values, unless otherwise specified. 
In the amino acid structure formulae, each residue is 
generally represented by standard three letter or single 
letter designations. The L-fonn of an amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-form for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as "Gly" or G. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., fiaiuxs 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
chromatography, and a combination of all of the above 
techniques. 

, *, lMrge nUnber ° f CSllS With deflned mc -olecules, 
particul .riy MHC Class I molecules, are known and readily 

available. For example, human EBV-transformed B cell lines 
have been shown to be excellent sources for the preparative 
isolation of class I and class II MHC molecules 
Bell-characterized cell line, are available from private and 
commercial sources, such as American Type Culture'^"' 
(-catalogue of Cell L i„ es and Hybridomas,- 6 th edition 
HocKville Maryland, u.s.a.>; Mational ^<»°°> 
Medical sconces ».„„„ Catalo , of Cell mJ^^ 
Genetic Mutant cell Repository, Camden, NJ; „ d ASHI 
Repository, Bingham and Women's Hospital, 7S Francis street 
Boston. HA o 21 ls. Table i list, some B cell ii nes JZTj 
for use as sources for HLA-A alleles. All of these cell lines 
can be .grown in large batches and are therefore useful for 
large scale production of MHC molecules. One of s"ill 
-c gni 2e that these are merely exemplary cell li^LTtLt 
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many other cell sources can be employed. Similar EBV B cell 
lines horn zygous for KLA-B and HLA-C could serve as s urces 
for HLA-B and HLA-C alleles, respectively. 
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TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 



10 



15 




A2.1 



MAT 

COX (9022) 
STE1NLIN 
(9087) 



JY 



20 



A3. 2 



EHM (9080) 

HO301 (90S5)GM3107 



25 



A24.1 



KT3(9107) ,TISI (9042) 



30 



35 



All 



BVR (GM6828A) 
WT100 (GM8602) ,WT52 
(GM8603) 



isolate *h « Ml CaSe ' imaun °P^ipitation is used to 

us!d « J?™** allele * A nUBbCr ° f P-tocols can be 
40 Z depSnding Up ° n ^ ^ecificity of the antibodies used 

^ ~-Ple, allele-specific Mb reagents can be used f oTL 
affinity purification of the HLA-A, „LA- B , and HLA-c 

ZltZl S6Veral "** f ° r «- iSOlati - of HLA-A 

molecules are available (Table 3). Thus, for each of the ^ 

targeted HLA-A alleles, reagents are available ^at l^be 
iTi 7 ^ iS ° lat ^ n ° f ^ HLA-A tt olec^lIs * 

t^i ^ PreParSd V±th ^ standard 

technxgues are successfully used to purify the respective 
HLA-A allele products. 

50 In . addition to allele-specific mAbs, broadly 

=>o react xve ant i -HLA-A n o «>w . y 

HLA A, B, c mAbs , such as W6/32 and B9.12.1, and 
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one anti-HLA-B, C mAb, Bl.23.2, could be used in alternative 
affinity purificati n pr tocols as described in the example 



section below. 

TABLE 3 
ANTIBODY REAGENTS 



Name 



HLA-A1 12/18 

HIA ~ A3 GAPA3 (ATCC, HB122) 

HLA-11,24.1 A11.1M (ATCC, HB164) 

HLA ' A,B ' C W6/32 (ATCC, HB95) 

monomorphic B9.12.1 ( INSERM— CNRS ) 

HLA ~ B ' C B. 1.23. 2 (INSERM-CNRS) 
monomorphic 



The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 

ZT U1 * S 7 * ° f Etandard during means, such as 

heat, p H , detergents, salts, chaotropic agents, or a 
combination thereof. 

»o-, , ! ePtidS fraCtions are furthe * separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration 
electrophoresis, size chromatography, precipitation with 
specific antibodies, ion exchange chromat graphy, 
isoelectrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed 
according to standard techniques such as Edman degradation 
(Hunkapiller, M.W., et a],,, Methods Rn^?1 , «1 , 399 [1983]). 
Other methods suitabl f r sequ ncing include mass 
spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., SslSLSS. 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides (e.g., pooled HPLC fractions) from 
different class I molecules typically reveals a characteristic 
sequence motif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide 
epitopes from an antigenic protein whose amino acid sequence 
is known. Typically, identification of potential peptide 
epitopes is initially carried out using a computer to scan the 
amino acid sequence of a desired antigen for the presence of 
motifs. The epitopic sequences are then synthesized. The 
capacity to bind MHC Class molecules is measured in a variety 
of different ways, one means is a class l molecular binding 
assay as described in Example 10, below, other alternatives 
described in the literature include inhibition of antigen 
presentation (Sette, et al., J. i^. 141:3893 (1991) in 
yitrs assembly assays (Townsend, et al. , QSll 62:285 (1990), 
and FACS based assays using mutated ells, such as RMA.s 
'> (Melief, et al., Eur. J. Ti^.^] 21:2963 [1991]). 

Next, peptides that test positive in the MHC class I 
bxndxng assay are assayed for the ability of the peptides to 
induce specific CTL responses in vitro. Fo, instance, 
antxgen-presenting cells that have been incubated with a 
peptide can be assayed for the ability to induce CTL responses 
xn responder cell populations. Antigen-presenting cells can 
be normal cells such as peripheral blood mononuclear cells or 
dendritic cells (Inaba, et al., J, Exp, Med, 166:182 (1987); 
Bo °9' Eur. J. TmmuTjnJ 18:219 [1988]). 

Alternatively, mutant mammalian cell lines that are 
def xcxent in their ability to load class I molecules with 
xnternally processed peptides, such as the mouse cell lines 
RMA-S ( Karre, et al.. Nature, 319:675 (1986); Ljunggren, et 
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a1 *' E^r. ?t Tumnnpl . 21:2963-2970 (1991)), and the human 
somatic T cell hybrid ma, T-2 (Cerundolo, et al. , Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
peptide is added to them, to test for the capacity of the 
peptide to induce in Vitro primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851) , 
armyworm (ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila' 
cell lines such as a Schneider cell line (see Schneider SU 
Em^TTol . KHP, Morpho] , 27:353-365 tl927]). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human B 2 microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
norma* donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 mm of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
Yltrp for 7 to 10 davs ™aer optimized culture conditions 
Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I 
The peptides that test positive in the MHC binding assays "and 
gxve rise to specific CTL responses are referred lo herein Is 
35 immunogenic peptides. as 

x. The immunogenic peptides can be prepared 

frT^" 1 ^' " ^ reCODbinant DMA technology r isolated 
from natural sources such as whole viruses or tumors 
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Although th peptide will preferably be substantially fr e o£ 
other naturally ccurrin, host cell proteins ana fragments 
there f , xn some emb diments the peptides can be synthetically 
conjugated to native fragments or particles. The Polypeptide 
or peptides can be a variety of lengths, either in their 
neutral (uncharged, forms or in for™, which are salts, and 
either free of modifications such a. glycosylate, side chain 
oxidation, or phosphorylation or containing these 
.edifications, subject to the condition that the modification 



while stil^nt ^ P * t1- * Wi " " BM " " P1M. 

while still maintaining substantially all of the biological 

activity of the large peptide. «„„, possible, it mayT 
desirable to optimise peptides of the invention to a length of 
9 or 10 ammo acid residues, commensurate in size with" 
endogenously processed viral peptides or tumor cell „e„ tld 
that are bound to ^ class X molecules on th. eel" £££ 

Peptides having the desired activity may be modif l.„ 
as necessary to provide certain desired attribute! e " 
improved pharmacological characteristics while 7!' 
at least retaining substantially all oT^bioio^cT^ ~ 
activity of th. unmodified peptide to bind the delir^ «hc 

ZL.'Tt " imPrOVed HHC By conssrCHive 

Arg; and Phe, Tyr. The eM-rt. • , ' Lys ' 

subBH , 4 .. ^ Tne effect of single amino acid 

procedures, as described in e g 1^!^,^^" Synti,Mlt! 
- Barany and Merri^.'^^^^r"- 
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Meienhofer, eds. (N.Y., Academic Press), pp. i- 2 84 (1979); and 
Stewart and Young, Solid Phase Dentin synthesis r (Rockford, 
111., Pierce), 2d Ed. (1984), incorp rated by reference 
herein. 

5 The peptides can also be modified by extending or 

decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
0 that certain amino acid residues essential for biological 

activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in oroteins 
such as L-or-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as B-y-tf-amino acids, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Ly8 or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
cell receptors, m addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro or 
simxlar residues may be employed. The substitutions may'be 
homo-oligomers or hetero-oligomers . The number and types of 
resxdues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) . increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide, 
in any event, such substitutions should employ amino acid 
resxdues., or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
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Ammo acid substitutions are typically of single 
residues Substitutions, deletions, insertions or any 
c mbmation thereof may be c mbined to arrive at a final 
peptide. Substitutional variants are those in which 
one residue of a peptide has been removed and 
residue inserted in its place. Such substitutions geZTlly 
are made in accordance with the following Table 4 when " is 
desired to finely modulate the characteristics of tt Tp^e 
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TABLE 4 

Pr i q i nal F^i^f Exemplary Subs1H<-„l-*™ 



Ala 


ser 


ATy 


lys 


Ann 
Aon 


gin; his 




glu 




ser 


Gin 


asn 


ulU 


asp 


Glv 


pro 


1116 


asn; gin 


11c 


leu; val 




ile; val 




arg 


Met 


leu; ile 


Phe 


met; leu; tyr 


Ser 


thr 


Thr 






ser 


Trp 


tyr 


Tyr 


trp; phe 


Val 


ile; leu 



x 
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Substantial changes in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that ar less conservative than those in Table 
4, i.e., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 
are expected to produce the greatest changes in peptide 
properties will be those in which (a) hydrophilic residue 
e.g. seryl, is substituted for (or by) a hydrophobic residue 
e.g. leucyl, isoleucyl, pheny lalanyl , valyl or alanyl; (b) a' 
residue having an electropositive side chain, e.g., i ysyl 
arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g. 
glycine. * ' 

The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 

ttl^t !!T ^ * Se9UenCe ° f tW ° ° r ^ reSidues «»* can be 
substituted for a second sequence because the steric 

conformation of the first sequence fits a binding site 

specific for the second sequence. The term specifically 

skSl!r 4 Pe r! ide baCkb ° ne BOdificatio - -11 known to those 
If ^ Y^* ^ ttodlficatio »« "dude modifications 

of the amide nitrogen, the a-carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 
backbone crosslinks. generally, Spatola, Che m i^~ ^ 

(Wemstein ed., 1983). 

Modifications of peptides with various amino *• d 
emetics or unnatural a»i„o acids are particularly useful" in 
increase* the stability of the peptide ia.^. stability 
can be assayed in a number of ways. P r i^tance, peptidase, 
and various biological -edia. such as hunan plas»a IZ TZ, 
have been used t test stability. ^ Vernoef et . 
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Eur. J. Drug Metab PharmacoVin, 11:291-302 (1986). Half life 
of th p ptides of the present invention is c nveniently 
determined using a 25% human serum (v/v) assay. The pr tocol 
is generally as follows. Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrifugation bef re 
use. The serum is then diluted to 25% with RPMI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more- 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carbxy terminus f the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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In some embodiments it may be desirable to include in 
the pharmaceutical comp siti ns of the invention at least one 
component which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL In 
Ylyo. against viral antigens. For example, palmitic acid 
residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 
then be injected directly in a micellar form, incorporated 
into a liposome or emulsified in an adjuvant, e.g., incomplete 
Freund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 
linkage, e.g., Ser-Ser, to the amino terminus of the 
immunogenic peptide. 

As another example of lipid priming of CTL responses, 
Et CPli lipoproteins, such as 

tripalmitoyl-s-glycerylcysteinlyseryl-serine (P 3 CSS) can be 
used to prime virus specific CTL when covalently attached to 

'"T Priate Peptide ' See ' et al., fia^uxs 342:561-564 

(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P 3 CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P 3 CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 

Infectiln! 7 *** Cell -» ediate * responses to 

in addition, additional amino acids can be added t 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support or 
larger peptide, for modifying the physical or chemical ' 
1112^*1 ° f ^ PSPtide ° r 0li *°*^**. or the like. Amino 

Lid lT^\T OS±n *' CyStelne ' ly8ine ' ***** ~ ~*«lo 
acid or the like, can be introduced at the c- or N-terminus 

of the peptide or oligopeptide. Modification at the C 
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terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being 
modified by terminal -NH 2 acylation, e.g., by alkanoyl (C^c^) 
or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phas* Peptic gyn ^K^ ri ^ | 2{J . ed ' 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally, in Sambrook et al., MPle cu lffr Honin.. » r.^ ^. 
MflDSial, Cold spring Harbor Press, cold Spring Harbor, New York 
(1982) , which is incorporated herein by reference. Thus 
fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope . 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques 
for example, the phosphotriester method of Matteucci et'al ' 
J. Am. ch^TT l por 103:3185 (1981), modification can be made" 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vect rs used t transform suitable h sts to produce the 
desired fusion protein. A number of such vect rs and suitable 
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host systems are now available. For expression of the fusion 
proteins, the coding sequence will be provided with operably 
linked start and stop cod ns, promoter and terminator regions 
and usually a replication system to provide an expression 
vector for expression in the desired cellular host. For 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding sequence. The 
resulting expression vectors are transformed into suitable 
bacterial hosts. Of course, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences. 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat 
and/ or prevent viral infection and cancer. Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 
lymphoma, CMV and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the acute phase of 
infection can be treated with the immunogenic peptides 
separately or in conjunction with other treatments, as 
appropriate. m therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 
cure or at least partially arrest symptoms and/or 
complications. An amount adequate to accomplish this is >. 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 
severity of the disease being treated, the weight and general 
state of health of the patient, and the judgment of the 
prescribing physician, but generally range for the initial 
immunization (that is for therapeutic or prophylactic 
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administration) from about 1.0 ^ to about 5000 M g of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about l.o /xg to about 1000 M g of peptid pursuant t a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific ctl 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions . 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 

infeIti Ual ^ SUSCePtible Predis * OSed > to ^eloping chronic 

infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein the 
composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers, it is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cytotoxic T cell resp nse. Thus, for 
treatment f chr nic infecti n, a representative dose is in 
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the range of about l.o „, to about 5000 „g, preferably about 5 
H to 1000 fig for a 70 kg patient per dose. Immunizing doses 
followed by boosting doses at established intervals e g 
fro. on. to four weeks, .ay be retired, possibly for a " 
5 prolonged period of time to effectively immunize an 

individual, m tbe MM ef in£ectlon> administration 

should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated Z 
substantially abated and for a period thereafter. 

**• Pharmaceutical conpositions for therapeutic 
treatment are intended for parenteral, topical, oral or local 
administration. Preferably, the pharmaceutical expositions' 
•re administered parenteral^, e.g., intravenousiy, 
IS ' UbCU '" ,eoUB1 ^ intradermal^, or intra.uscul.rly. Thus the 

PrOVldM tar parenteral aLiniste.ti^n 

which comprise a solution of the isogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
egueous carrier. * variety of agueous carriers Jy .Tusel 
«., water, buffers water, o.t% saline, 0.3* giyci^ 
»• hyaluronic acid and the like. These composition ma"^ 
sterilized by conventional, „.u known sterilization 

»tr M r^x e us^r- ~ — - 

irophilized preparation^ c^d"^ a^er ^lutL 
5 prxor to administration. The compositions may obtain 

phar^ceutically acceptable auxiliary substances L aired 
to .pproxxmat. physiological conditions, such as pH al^« 
»d buffering agents, tonicity adjusting age^ w"tt!T 
•gents and the like, for example, sodium alette ^ 
• -"ate, sodium chloride, potassium ^^1= 7 

chloride sorbitan monolaurate, triethanola.i„ e ole'e, eVc 

invention Tn rrT"" 0 " °* Sti '"^^ Peptides of the 
i I frl l P»«™~utical formulations can vary widely 
i.e., from less than about 0.1%, usually at „ P laei y. 

2% to as much as 20* r„» * least about 

as £ o* to 50% or more bv uo^k*. 

•electee. primarily by fluid volumes, ^ZtHtl^Z " 
.ccordanc. with the particular .ode of aaml 2^Tt ' " 
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The peptides of the invention may also be 
administered via liposomes, which serve to target the peptid s 
to a particular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as well as increase the half - 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. Bionhv* »1r-m 9:467 (1980), us 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously ^ 
locally, topically, etc. in a dose which varies according to, 
iDtSE ajj^, the manner of administration, the peptide being ' 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carrxer* may be used which include, for example 
pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose 
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5 



sucrose, magnesium carbonate, and the like. For oral 
administration, a pharmaceutical^ acceptable nontoxic 
comp sition is formed by incorporating any of the n rmally 
employed excipients, such as those carriers previously listed 
and generally 10-95% of active ingredient, that is, one or ' 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided form along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-ao% by weight, preferably i%- 10 %. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 

tt^TV S , CaPr ° iC ' ° Ctan0iC ' lawic ' Palmitic, stearic, 
lxnolexc, linolenxc, olesteric and oleic acids with an 

aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters such as mixed or natural glycerides may be employed 
The surfactant may constitute o.l%-ao% by weight of tL 
composition, preferably 0.25-5*. The balance of the 

18 ° rdi - ril y Propellant. A carrier can also be 

as esired ' as vith - e - g " iecithin 

in another aspect the present invention is directed 
to vaccxnes which contain as an active ingredient an 
xmmunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s, may be introduced into I 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
Polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the ZlT 

react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the arT Ind 

a^n' IV thyr ° gl0bUlin ' ~* as b'lne^ru: 

albumxn^tetanus toxoid, polyamino acids such as 

poly(lysine:glutamic acid), hepatitis B virus core protein 
hepatxtxs B virus recombinant vaccine and the likl. Th! 
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vaccines can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered salin , 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminum 
phosphate, aluminum hydroxide, or alum are materials veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P 3 css. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities, such an amount is 
defined to be an "immunogenically effective dose." in this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1.0 
/ig to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 M g to about 500 fig mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immunogenic peptide, and thereby 
elxcits a host CTL response. Vaccinia vectors and methods 
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useful in immunizati n prot cols are described in, e.g., U.S. 
Patent N . 4,722,848, incorp rated herein by reference. 
Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
are described in Stover et al. (Nature 351:456-460 (1991)) 
which is incorporated herein by reference. A wide variety of 
other vectors useful for therapeutic administration or 
immunization of the peptides of the invention, e.g.. 
Sa l mone ll a tYPhi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

Antigenic peptides may be used to elicit CTL ex vivo , 
as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that d 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. E x vivo 
CTL responses to a particular pathogen (infectious agent or 
tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen-presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically 1-4 
weeks, , in which the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell) . i„ order to optimize the 
in vitro conditions for the generation of specific cytotoxic T 
cells, the culture of stimulator cells is maintained in an 
appropriate serum-free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8 + cells, an amount 
of antigenic peptide is added to the stimulator cell culture 
of sufficient quantity to become loaded onto the human Class ' I 
molecules to be expressed on the surface of the stimulator 
cells, m the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class rmc molecules loaded with peptide 
to be expressed on the surface of each stimulator cell 
Preferably, the stimulator cells are incubated with >20„g/ml 
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Resting or precurs r CD8+ cells are then incubated in 
culture with the appropriate stimulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30: l to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable r 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL 
particularly in primary immune responses. While small amounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(PCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
^or histocompatability complex molecules on cells allows the 
inductxon of primary cytotoxic T lymphocyte responses. Peptide 
loadxng of empty major histocompatability complex molecules on 

rlspL 6 :: ^ ±ndUCti0n ° f T ^cyte 

MHC allele Si T nU T °"" ^ ^ f ° r «~* ^an 

MHC allele, xt xs advantageous to use a technique to remove 

endogenous MHC-associated peptides from the surface of APC 

followed by loading the resulting empty MHC molecules with'the 

xmmunogenxc peptides of interest. The use of non-transform^ 

(non-tumorxgenxc, , non-infected cells, and preferably 

autol g us cells f patients as APC is desirable f or 

desxgn of CTL induction pr tocols directed t wards development 
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of ear vivo CTL therapies. This application discloses methods 
for stripping the endogenous MHC-associated peptides fr m the 
surface of APC followed by the loading of desired peptides. 

A stable MHC class I molecule is a trimeric complex 
formed of the following elements: 1) a peptide usually of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its al and cr2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, ^microglobulin. Removing the bound peptides 
and/or dissociating the ^microglobulin from the complex 
renders the MHC class I molecules nonfunctional and unstable 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them 
Therefore, the first step is to remove all endogenous peptides 
bound to MHC class I molecules on the APC without causing 
thexr degradation before exogenous peptides can be added t 
them* 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 
37 C to 26-C overnight to destablize ^microglobulin and 
stripping the endogenous peptides from the cell using a mild 
acid treatement. The methods release previously bound 
peptides into c the extracellular environment allowing new 
exogenous peptides to bind to the empty class I molecules. 
The cold-temperature incubation method enables exogenous 
peptides to bind efficiently to the MHC complex, but requires 
an overnight incubation at 26-c which may slow the cell^ 
metabolic rate, it is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBMC) would not 
produce high amounts of empty surface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the' 
peptides with trifluoroacetic acid, p H 2, or acid denaturation 
of the i.-uno.ffinity puriried class I-peptid. complexes 

TZl^TT ^ ^ fMSible ^ indUC "°"< is 
^aW T end ° 9enOUS «"«*"- Preserving 
APC viability and an optimal metabolic state which is critiLl 

^ Mti9an ««— fti-.. Hild acid solutions of p^ su* Til 
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glycine or citrate-phosphate buffers have been used to 
identify endogen us peptides and to identify tumor associated 
T cell epitopes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4»C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptxde-specific APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8 + cells (or a segment thereof, may be 
utilized to bind their appropriate complementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 
methods . J 

Effective, cytotoxic .mounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, a. well as 
with the a»ount and type of cells that are the ultimate target 
of these kxller cells. The amount will also vary depending 2 
the condition of the patient an. should be deterged 

^efelallv 10 : " * P W« * practitioner. 

Preferably, however, about 1 x lo< to about 1 x lo", -ore 

preferably about i x 10° to about x x lo» and even 
preferably, about 1 x lo' to about 1 x 10™ activated CDeV 
cell, are utilised for adult huuans, co-pared to about 5 x »o» 
- 5 X 10^ cells used in Bice. 5 X 10 

cells a r .T ferably ' M di=CUSSed abov *. <*« -«ivated CDe- 
cells are harvested fr „ th cell culture prior to 
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administration of th CD8+ cells to the individual being 
treated, it is important t note, however, that unlike other 
present and proposed treatment modalities, the present method 
uses a cell culture system that is not tumorigenic 
Therefore, if complete separation of stimulator cells and 
activated CD8 + cells is not achieved, there is no inherent 
danger Jcnovn to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
mammalian tumor-promoting cells may be extremely hazardous 

known in ° f re - inteoduci »* cellular components are' 

known xn the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al and 
U.S. Patent No. 4,690,915 to Rosenberg. Por example 
administration of activated CD8 + cells via intravenous 
mfusxon is appropriate. 

The peptides may also find use as diagnostic 

Peptides, and ^ My be helpful in ^ I n «"tL 

used to predict^ ^TZJ7 **" *" 

tor developing chronic Infection! «**«ti- ric* 

111,— * The f ° llowin <» «"«-Ples are offered by way of 
Illustration, not by way of limitation. 



Eicajinl. T 
Mass T anting 1ffr1ir1pn 

the appropriate allele verToro™ f ? ^ Ce " S bMrin ' 
yielding, -s x io' cells, k, T batChes (6 -» 

washed "'All eel, T ' harVMted ^ ^ntrifugati „ an d 
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antibi tics. For large-scale cultures, cells were grown in 
r Her bottle culture in rpmi 1640 with 10% FBS or with 10% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 RPM IEC-CRU5000 centrifuge with 259 
rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M P0 4 , 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 *C or treated 
with detergent lysing solution to prepare detergent lysates 
cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci 
Corp., Westbury, NY 11590), 150 mM NaCl, 50 mM Tris, pH 8 0] 
to the cell pellets (previously counted) at a ratio of 50-100 

X K?K-! ellS ^ ^ detergent s °H*ion. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulf onyl fluoride (PMSF) , 2 mM; aprotinin 5 
/»g/ml; leupeptin, io /tg/ml; pepstatin, io /ig/ml- 
iodoacetamide, ioo /tM; and EDTA, 3 ng/ml. Cell'lysis was 
allowed to proceed at 4'c for 1 hour with periodic mixing. 
Routinely 5-10 x io' cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4'c and 
subsequent passage of the supernatant fraction through a 0.2 u 
filter unit (Nalgene) . 

affi»«- anti9en Purificati °« was achieved using 

For a^! ^—^^d Sepharose beads. 

For antibody production, cells were grown in rpmi with 10% F^s 
in large tissue culture flasks (Corning 25160-225). 
Antibodies were purified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affi„"! 
chromatography on protein-A-Sepharose (Sigma) . Briefly 
saturated ammonium sulfate was added slowly with stirrLg to 
the tissue culture supernatant to 45% (volume to volume^ 
overnight at 4'C to precipitate the immunoglobulins The 
Precipitated proteins were harvested by centrifug^on at 
-,000 x g for 30 minutes. The precipitate JTST Solved 
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in a 



minimum volume of PBS and transferred to dialysis tubing 
(Sp ctro/Por 2, Mol. wt. cut ff 12,000-14,000, Spectum Medical 
Ind.)- Dialysis was against PBS (*20 times the protein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4*C. The dialyzed protein solution was 
clarified by centrifugation (10,000 x g for 30 minutes) and 
the pH of the solution adjusted to pH 8.0 with IN NaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, and a protein-A-Sepharose column 
was prepared. A column of 10 ml bed volume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepharose column using a peristaltic pump for large loading 
volumes or by gravity for smaller volumes (<ioo ml) . The 
column was washed with several volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using o.l M citric 
acid at suitable pH (adjusted to the appropriate p H with IN 
NaOH). For mouse IgG-1 pH 6.5 was used for IgG2a pH 4 5 was 
used and for IgG2b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280) were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Amicon Model 8050 with YM30 membrane) . The anti-A2 mAb 
BB7 2 and the anti-A3 mAb, GAPA3 , are particularly useful for 
affinity purification. 

The KLA-A antigen was purified using affinity columns 
prepared with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above Five 
to 10 mg of mAb per ml of bead is the preferred ratio. The 

To mZodi ead : r" WaShed ^ b ° rate bU " er ^ffer: 
100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 

ITTo Tl A28 ° ^ ^ line * Dinethyl P-el^ate (20 mM, 
in 200 mM tnethanolamine was added to covalently crosslink 
the bound mAb to the protein-A-Sepharose (Schneider et al., ^ 
%^f~* -"-10766 (i 98 2). After incubation f r 45 minut^ 
at ro m temperature on a rotator, the excess crosslinking 



WO 94/03205 



PCT/US93/07421 



38 



reagent was removed by washing the beads twice with 10-20 ml 
of 20 mM ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room temperature. 
The beads were washed with b rate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x 10* cell equivalents, was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute, to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus o 1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M Had, 20 mM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water, . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50, was removed for protein quantification using 
exther a colorimetric assay (BCA assay, Pierce, or by sds- 
PAGE, or both. SDS-PAGE analysis was performed as described 

Zo^Tt* ^ emali ' U ' K - ***** 227 "«° C»70), using known 
amounts of bovine serum albumin (Sigma, as a protein standard. 

Allele specific antibodies were used to purify the 

SB:" «d^APr 3 ° leCUle * ^ ^ ° f * n * «^ — 

BB7 2 and GAPA3 were used respectively. An example of SDS 

PAGE analyses of purified HLA-A3.2 molecules is shown in 
Figure 2 • 

purified ST!!?? f ° WS SDS ' PAGE ( "- 5%) analyBls <* «*«»*» 
To lT **" " ne *» column 

U0 1) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAP A3 which i s specific f or *° 
detergent lysate of 5 «.» cells was passaged over the coll 
and the column was washed extensively. The bound HLA-A3.2 

To Z I ^ C ° 1Unn -«tic acid. 

50 ml. one 11 of the eluate was removed and lyophiliied to 
concentrate the sample. The sample was t*cen »p t^ so 'l with 
I-ammH sample buffer and 20 ,.1 were loaded in lane 2 Ll^ 
contained molecular weight standards: Myosin, 230 ^ 
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galact sidase, H6kD; phosphorylase B, 97.4kD; bovine serum 
albumin, 66.2kD; ovalbumin, 45kD; carbonic anhydrase 3Ucd- 
soybean trypsin inhibitor, 2l.5kD; and lysozyme, i 4 .IkD ' 
Standard c ncentrations of bovine serum albumin were run in 
lanes 8, io M g, 9 , 3 M g, and 10, i^g to aid in the estimation 

^e P I!t ei Y, ield * ^ ^ PartiCUl ~ ■"-^•2 Preparation, 
the estxmated yield was approximately 112 pg. 

For BXA-A11, A24.1 and Al, an alternative protocol 
was used whereby anti-BXA-B and C monoclonal antibodies were 
used to deplete HLA-B and C molecules. The remaining hia-a 
molecules were subsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class 1 

SOO-^OO 1801 ^ *T ^ ^ B CS11 WA11 ***** f ™m 

800-1200 M g per io 10 cell equivalents. 

Example 2 

An fttt-nwtlv em w T nm-if ^ r r - r - rn i 

Bl 23 2 J^**!!' 1 tt0leCUleS Were "Elated using the mAb 
Bl 23.2 which detects an epitope expressed by hia-b and C 
allele molecules, but not by HLA-A antigens. The mAb W6/ 32 
detects all human class ! molecules, including hlaT'b 11 a 
As mentioned above, these mAbs react well witl ^ b'^ 

rZls B ^TV S SOUrCeS ° f ' ^ Bl.23.2 mAb 

wiT: :^ ^rs^sr* B cei1 iines - but faiis - ~* 

npof . ° el1 llne that presses a transfected HLA-A2 1 

protein or a chimeric A2.1 mouse K> molecule T t aJT * 
with the human cell line, CIR (Alexander I, et al 

29, 380 C1989]), that laCcs expression of. 
HLA-A and B molecules, but expresses low levels of HLA-c 

b" 23 2 mAb Thi V att6rn ° f Z the 

a-e. The procedures for the preparation^ ' Z 
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columns are essentially identical to th procedures described 
for the preparation of the allele-specif ic mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA-B and C molecules using 
the protocol as described above. The cell lysate depleted of 
BXA-B and C was then passed over a W6/32 mAb affinity column 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. m addition it 
could also be used to isolate any class I molecule type 'from 
transfected cell lines. 



Example 3 

Id sequencing of natm-»n Y r roeegg<>f , rv __ 
For the HLA-A preparations derived from the base (so 
■K diethylamine) elution protocol, the eluate was immediately 
neutralized with l N acetic acid to p H 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amxcon)]. Ten ml of ammonium acetate (0.01 M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts 
and the sample was concentrated to approximately 1 ml. A ' 
small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
Polypropylene conical centrifuge tube (Falcon, 2097, (Becton 
Dickson). Glacial acetic acid was added to obtain a final! 
concentration of 10% acetic acid. The acidified sample was 
Placed in a boiling water bath for 5 minutes to allow for the 

t^TeTVl ^ ^ PePtideS * ™* — ~°^n 

xce, returned to the concentrator and the filtrate was 

collected. Additional aliquots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the original filtrate. Finally, 1-2 ml of distilLd 
water wa^ added to the concentrator, and this filtrate was 
pooled as well. ^«e was 
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The retentate c ntains the bulk of the HIA-A heavy 
chain and B 2 -microglobulin, while the filtrate contains the 
naturally processed b und peptides and ther components with 
m lecular weights less than about 3000. The pooled filtrate 
material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HPLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 ftl of distilled water, or into 0.1% 
trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
CIS Ultrasphere, 10 x 250 mm), using a gradient system 
described by Stone and Williams (Stone, K.L. and Williams 
K.R., in, Macromolecular Sequencing and Synthesis; Selected 
Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick-Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick-Jackson). The 
flow rate was 0.250 ml/minute with the following gradient: o- 
60 min., 2-37.5% B; 60-95 min. , 37.5-75% B; 95-105 min. , 75- 
98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large number of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 
(Fig. 3). Whether a given peak represents a single peptide r 
a peptide mixture was not determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 
were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 
acids . 

x The protein or peptide to be sequenced was held by a 
12-mm diameter porous glass fiber filter disk in a heated 
argon-purged reaction chamber. The filter was generally pr - 
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treated with BioBrene Plus™ and then cycled through one or 
more repetitions of the Edman reacti n to reduce c ntaminants 
and improve the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. m coupling step 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step 
the excess chemicals are extracted and the highly volatile' 
organic acid, trif luoroacetic acid, TEA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the ammo acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ ammo acid is extracted and transferred to a conversion 
flask where upon addition of 25% TEA in water, the ATZ amino 

Z1L TZ** ^ *° re P he ^i°hydantoin CPTH, 

amino acxd that can be identified and quantified following 

TllZT injeCti ° n lnt ° «" M0del "0 PTH Analyzer which uses 
a mxcrobore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino aci* 

acids i: ii;: liy r es not resuit -' ******* ^ 

acxds in different yield are found. When the particular 
residue is conserved among the peptides being sequenced 
increased yield for that amino acid is observed 



Example a 

Definition Of an n 2 sn P Hf^ -~fi f 
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Ther is some ambiguity in the international 
nomenclature of A3 alleles. The A3. 2 allele herein is 
expressed by cell lines EHM, HO301, and GM3107. This 
particular subtype is currently referred to as the 3.2 allele 
(Yang, in Immunobiplpgy of HLA, Vol. 1, Dupont ed. , Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al. , EMjBp J,, 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene f und 
in EHM cell line. The HLA-A3.2 encoded by the A*030l gene 
referred to in this document is the commonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Example 3 above were obtained from 
HLA-A3.2 homozygous cell lines, for example, CM3107. The 
pooled fractions were HPLC fractions corresponding to 7% to 
19% CH 3 CM. For this class 1 molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 

The amino acid sequence analyses from four 
independent experiments were analyzed and the results are 
shown in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 
HLA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a simple 
matrix of 10 rows (each representing one Edman degradation 
cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical n 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usually heavily contaminated by free amino acids.). The 
values of each row were summed to yield a total pmoles value 
for that: particular cycle. For each row, values for each 
amin acid were then divided by the corresponding total yield 
value, to determine what fraction f the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an -Absolute Frequency- table was generated. This absolute' 
fr guency table all ws c rrection for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
-relative frequency- table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative f reouency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
consxdered to correspond to a significant increase. 

The results of the foregoing analysis for HIA-A3 2 

m^T 10 "',*' P0Sit±0n 2 ' a 2 - 2 " f0ld inCrease in -line 
(V) wxth lesser increases (1.5-1.7) for structurally similar 

residues leucine (L) and methionine (M) . At position 3 
tyrosine (Y) and aspartic acid (D) showed increases in ' 
frequency. At position 7 isoleucine (I, was increased, and at 
position s asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected random yield. 

PTH t^T^ ^ m ° difi * d and not detected. 

PTH-tryptophan coeluted with diphenylurea , and in some 

IT^Tl' PTH - arginine COelut ** with the major derivative 
of PTH-threonme. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in ^ absence" of 
threonine . 

of cri t i=,7lJ i r Sly ^ ihBd "« t™*™. Showed instances 
of critically conserved residues at positi „ 2 (or 3) and at 
the c tardus (either position 9 or 10) . ^ res ^ 
referred to as -conserved" r sidues. The modified daT 



WO 94/03205 



PCT/US93/07421 



45 



analysis of this invention considered the conserved p siti ns 
at the N and C terminals. 

Thus, the HLA-A3.2 m tif should have position two 
occupied by V, L or M, a length of 9 or 10 amino acids, and a 
C-terminal position occupied by K. 

TABLE 5 
Summary 

HLA-A3.2 Allele-SpecifHr* ""tif 

Conserved 
Position Residues 

1 

2 V,L,M 

3 Y, D 
4 

5 
6 

7 I 

8 Q,N 

9 K 

10 K 

Example «> 

Defin i tion of ht,a-ai - SPe Hf r - P tidg m^ 1f F 

H1A-A1 molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above, in one case using MAT cells, pooled fractions 
corresponding to 19% to 50% CH 3 CN were used. As in the 
preceding example, residues showing at any given position 
except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in Table 6. On the basis of these data, only Serines ( S ) 
and Threonine (T) were increased at position two. At position 
3, aspartic acid (D) and glutamic acid (E) were elevated and 
at position 9 and 10 tyrosine (*> showed a marked increase. 
Other xncreases noted were proline (P) at position 4 and 
leucine X (L) at position 7. Therefore, the motifs for HLA-A1 
based on these data would have residues at position 2 occupied 
by S or T, a peptide length f 9 or 10 amino acids and a 
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C-tenninal residue of Y. Alternatively, another motif w uld 
comprise a D or E at position 3 together with a C terminal 
residue of Y. 

TABLE 6 
Summary 

HIA-A1 Allele-Sn^ jfie MofrJf 

Conserved 
Position Residues 

1 

2 s, T 

3 D,E 

4 P 
5 

6 

7 L 
8 

9 Y 



Sample 

Def i n i tion of m,ft-Aii anM.- SPe Hf^ Pf P ti ri „ ^ r iff f 

HIA-All motifs were defined by amino acid sequence 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH 3 CN of fractionated peptides eluted from 
HIA-All molecules purified from the cell line BVR. on the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or lo amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 
increases in methionine (M) and phenylalanine (P) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 n 
Summary 

HLA-A11 All e lf»-B P ^ tfi e Mnt t f 

Conserved 
Position Residues 



l 

2 T,V 

3 M,F 
4 
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5 
6 
7 

8 Q 

9 K 

10 K 



Examrtle 7 

Def i nition of hla-a?4.i s^ch^ Pep ^ rtff M "t1fr 
HIA-A24.1 allele-specific motifs were defined by 
amino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH 3 CN of HPLC fractionated peptides 
eluted from HLA-A24.1 molecules purified from the cell line 
KT3. on the basis of the data presented in Table 8 a motif 
for HLA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine ( F ) 
or leucine (L) . Increases were also observed at several other 
positions: isoleucine (I) and methonine (M) at position 3- 
aspartic acid (D) , glutamic acid (E) , glycine (G) , lysine '(K) 
and proline (P, at position 4; lysine (K) , methonine (M) and 
asparagine (N) at position 5; valine (V) at position 6- 
asparagine (H, and valine (V) at position 7; and, alanine (A), 
glutamic acid (E) , lysine (K) , glutamine (Q , and serine ^ ^ 
position 8. Table 8 1 ' at 

Summary 

HLA-A24.1 AIIPl- ^eHf^ 1* frt1f 



Position 

1 
2 
3 
4 



^ 5 L,M,N 



Conserved 

Residues 



Y 

I,M 

D,E,G,K,P 



6 
7 



V 

N,V 
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8 A r E, 

9 F,L 



10 F,A 

Examnle fl 

Identification of imm» nnrie , n ±c n~ r fm— 
Using the motifs identified above for various MHC 
class I allele amino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No. 71. o- 3/ 92 ) 
The identification of motifs was done using the " FINDPATTERNS M 
program (Devereux, Haeberli and Smithes (1984). Nucleic Acids 
Research 12X11; 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database m 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antxgen (PSA), p 53 oncogene, Epstein Barr Nuclear Antigen-1 
(EBNA-i) , and c-erb2 oncogene (also called HER-2/neu) , and 
Melanoma Antigen-l (MAGE— l) , a single sequence exists. 

in the cases of Hepatitis B virus (HBV) , Hepatitis c 
virus (HCV), and Human Immunodeficiency virus (HIV) several 

Ge^an^ AS ° late8 B ~- ^en placed in 

For HBV, binding motifs were identified for the adr 
adw and ayw types, m order to avoid replication of identi^'l 

TZIZ ^ ^ ^ ^ — —* the list 



in the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates Motif* 
were identified on those regions that had no or "ry litt^I 
(one residue) variation between the 9 isolates tZ . 
of residues 783 to 3010 from 5 viral U^^^^ 
analyzed. Motifs common to all the isolates were identified 
and added^ to the peptide list. identxfxed 

Finally, a consensus sequence for HIV tvoe i for- 
HO^ toeri =a„ v irai isolates (10 . 12 viruses) Jf^^ 
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fr m the Los Alamos National Laboratory database (May 1991 
release) and analyzed in rder to identify motifs that are 
constant throughout most viral isolates, m tifs that bear a 
small degree of variation (one residue, in 2 forms) were also 
added to the peptide list. 

Several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
vxrus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 
18 was also searched for motifs from all alleles (Table 9) 
Melanoma antigens MAGE l, 2 and 3 were searched for motifs 
from all alleles (Table 10) . The antigen PSA was searched for 
motifs from all alleles (Table 11) . Finally, core and 
envelope proteins from hepatitis C virus were also searched 
(Table 12) . m the tables and the description of the motifs 
the conventional symbol letter for each amino acid was used ' 
The letter -X" represents a wild card character (any amino * 
acid) • 



search: 



The following motifs were screened in the present 



for 


HIA-A1 f ft «n 1m . 


1 


XSXXXXXXY 


2 


XSXXXXXXXY 


3 


XTXXXXXXY 


4 


XTXXXXXXXY 


5 


XXDXXXXXY 


6 


XXDXXXXXXY 


7 


XXEXXXXXY 


8 


XXEXXXXXXY 



For HT^- ft T,;> 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
x 4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA-All fA«nni). 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 fA»?^ ff1 )t 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 
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AA Position Sequence Antigen HIA molecule 

30 IHDIILECVY HPV16.E6 Al 

69 VCDKCLKFY HPV16.E6 Al 

77 YSKISEYRHY HPV16.E6 Al 

80 ISEYRHYCY HPV16.E6 Al 

92 GTTLEQQYNK HPV16.E6 All 

93 TTLEQQYNK HPV16.E6 All 
106 LLIRCINCQK HPV16.E6 A3 

2HGDTPTLHEY HPV16.E7 Al 

16 QPETTDLYCY HPV1 6 . E7 Al 

44 QAEPDRAHY HPV16.E7 Al 

89 IVCPICSQK HPV16.E7 A 3 , All 

3 RFEDPTRRPY HPV18.E6. A l 

4FEDPTRRPY HPV18.E6 A l 

25 LQDIEITCVY HPV18.E6 A l 

4 1 LTEVFEFAFK HPV18 . E6 All 

72YSRIRELRHY HPV18.E6 A l 

84SVYGDTLEK HPV18.E6 A3, All 

101 LL1RCLRCQK HPV18 . E6 A3 ' 

59 HTMLCMCCK HPV18.E7 All 

Hunan Papilloma Virus 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Table 10 
AA Positi n Sequence Antigen HLA m lecule 



10 



15 



20 



2 SLPOPQTHnr 


MAGE 


1 


A3 


96 ST/FP ZLT/TTTT 


MAGE 


1 


A3 


OiiTlv/iVXXAA 


MAGE 


1 


A3 


1 OR nT.WSTFT T T XT 


MAGE 


1 


A3 


lOfi MT.PQt/TtftfW 


MAGE 


1 


A3 


x<co nii£tOVXi\fix 


MAGE 


1 


Al 


152 QLVFGIDVK 


MAGE 


1 


A3 


161 EADPTGHSY 


MAGE 


1 


Al 




MAGE 


1 


A3 


215 WEELSVMEVY 


MAGE 


1 


Al 


223 VYDGREHSAY 


MAGE 


1 


Al 


238 LLTQDLVQEK 


MAGE 


1 


A3 


239 LTQDLVQEK 


MAGE 


1 


All 


239 LTQDLVQEKY 


MAGE 


1 


Al 


240 TQDLVQEKY 


MAGE 


1 


Al 


Melanoma 


Antigen 


MAGE 1 
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Peptides with MHC Class I Binding Motifs Table 11 
AA Position Seguenc Antigen HIA molecule 



21 IVGGWECEX 


PSA 


A3, 


All 


57 LTAAHCIRNK 


PSA 


All 




88 VSHSFPHPLY 


PSA 


Al 




95 PLYDMSLLK 


PSA 


A3 




178 DVCAQVHPQK 


PSA 


A3, 


All 


182 QVHPQKVTK 


PSA 


A3, 


All 


236 PSLYTKWHY 


PSA 


Al 




239 YTKWHYRK 


PSA 


All 




241 KWHYRKWIK 


PSA 


A3, 


All 


242 WHYRKWIK 


PSA 


A3, 


All 



Prostate Specific Antigen (PSA) 
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Peptides with MHC class I Binding Motifs Table 12 

AA Position Sequence Antigen HLA molecule 

2STNPKPQRK HCV A11 

14 NTNRRPQDVK HCV A11 

43 RLGVRATRK HCV A3 

302 VQDCNCSIY HCV A1 

556 WMNSTGFTK HCV A3 

605 LTFRCMVDY HCV A1 

626 FTIFKIRMY HCV A1 



Hepatitis C Virus (Consensus Sequence) 
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Example 9 

Quantitative HIA class T bindi ng assay 

To verify that motif-containing peptide sequences are 
indeed capable of binding to the appropriate class I 
molecules, specific binding assays were established. HIA-A3.2 
molecules » were purified from GM3107 EBV cells by affinity 
chromatography using the 6APA3 mAb (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HLA B and C 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,C specific) generally as described in Example 2, 
above. 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3. 2 motif, was used. This 
peptide contains the anchor residues V 2 and K 10 , associated 
with A3.2-specific binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodination. Peptides 
were labeled by the use of the Chloramine T method Buus et 
al.. Science 235:1352 (1987), which is incorporated herein by 
reference. 

A dose range of purified A3. 2 was incubated with 10 
nM of 941.12 at P H 7.0 and 23-c, in presence of a protease 
inhibitor cocktail (i mM PMSF, 1.3 mM 1.10 phenanthroline, 73 
MM pepstatin A, 8 mM EDTA, and 200 mm N ap-tosyl-L-lysine 
chloromethyl ketone (TLCK) ) , in presence of 1 mm purified 
human 02 microglobulin. After two days, the % bound 
radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class II peptide binding 
assays in Sette et al., in Seminar i» T^ inr1 ^. Vol . 3 , 
Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 195-202 
which is incorporated herein by reference. (see. Pig 4) ' 
Good binding (in the 60 to 100% range) was observed for A3- 2 
concentrations ranging between 35 and 300 nM. 30% binding was 
observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 
sensitivity of the assay, a concentration of 5-10 nM A3.2 was 
selected.for further assays. i» the experiment shown in Fig. 
5, 7nM A3. 2 and an equivalent concentrati n of radiolabeled 
941. 12 were incubated using the conditi ns described above and 



WO 94/03205 



PCT/US93/07421 



56 



in the presence of a dose range of three peptides (HBc 18-27 
(924.07), a Prostate Specif ic Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was found that peptide 940.03 
inhibited strongly, with a 50% inhibitory concentration 
(IC50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 nM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high and 
intermediate affinity binders, respectively, while peptide 
924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of ICSO's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate K D values, it 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., class I 
preparation, etc.). For example, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 
ligand. 

An alternative way of expressing the binding data, t 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less 
sensitive, the ICSO's of the peptides tested may change 
somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all icso values will also shift 
approximately 10-fold. Therefore, to avoid ambiguities the 
assessment of whether a peptide is a good, intermediate,' weak 
or negative binder should be based on it's IC50, relative to ' 
the IC50 of the standard peptide. 

If the ICSO of the standard peptide measured in a 
Partxcular assay is different from that reported in the table 
then it should be understood that the threshold values used t 

sh ^T 9 °° d ' internediate ' and negative binders 

sh uld be modified by a corresp nding factor. For example if 
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10 



in an A2.1 binding assay, the IC50 of the A2.1 standard 
(941.01) were to be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a go d binder only if it had an 
IC50 of less than 80 nM (i.e., 8nM x 0.1), instead of the 
usual cut-off value of 50 nM. 

The experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class I specificities. Specific binding 
assays can be performed as follows. 

The cell line BVR was used as a source of HLA. The 
dependency of the binding on MHC concentration in presence or 
absence of 0 2 „ are shown in Fig. 6, while Fig. 7 depicts the 
dose dependency of the inhibition by excess unlabeled ligand 
Finally, Fig. . shows a Scatchard analysis experiment, values 
of apparent kD of -6 nM and of io% active receptor were 
obtained, and were remarkable for their similarity to the 
values obtained for A2.1 and A3.2. The sequence of the peptide 
used as a radiolabeled probe (940-06, is AVDLYHFLK. 

in this case, the EBV cell line Steinlin was used as 

a source 0 f purified HLA. The same protocol previously 

applied to purification of other HLA alleles fi . „J\ 

of B, C molecules by a Bl 23 2 -Tti ! ' depletion 

• Bl.23.2 fflAb column, followed by 

u^lLT ° f A n ° leCUles * — s of a W«32 mAb column, was 
utilized, on the basis of the pool sequencing dat* 

zz? p ta — — ™ 

excess unlabeled peptide ThHcso* v instability by 

The ICS0% was measured (Fig. 10 ) as 
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~20 nM. Further Scatchard analysis (Fig. 11) verified that 
the apparent K D of the interact i n corresponded to 21 nM, with 
a % of active receptor c rresponding to 5.1%. 

HIA-A24 speeH-fjg assay 
HIA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF. 
The results of experiments in which the % bound of these two 
peptides as a function of input MHC was measured are shown in 
Fig. 12. in both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. Cold inhibition experiments (Fig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
apparent K D of 30 and 60 nM, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively 
The apparent % of available receptor (active MHC) were 8.3% 
and 7.4%, respectively (Fig. 9a and b) . on the basis of these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-specific binding assay has been 
accomplished. In conclusion, specific assays for the five 
major HIA alleles have been described. 



Example ip 
Expansion of m.^ ft r^jf- 
Establishing in vitro binding assays allows one to 
readily quantitate in vitro the binding capacity of various 
synthetic peptides to the various alleles of interest (HLA Al 
A2, A3, All, and A24) . This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HIA A motifs for their capacity to bind purified HIA 
molecules. Typically, peptides were synthesized with specific 
HIA motifs embedded in a neutral backb n composed of nly 
alanine residues, m some cases, a K residue was also 
xntroduced within the sequence, with the purpose of increasing 



) 
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solubility. The use of such -neutral- poly a backbones, as 
applied to the case of class II molecules, has been described 
xn detail, f r xample, by Jardetzky et al. (Jardetzky et al 
EMBO J. 9(6) :1797, 1990) . 

For example, in the case of A3. 2, a motif has been 
defined with a hydrophobic residue in position 2 and a 
positive charge (K) in position 9. Thus, to verify that the 
presence of these two anchor residues would allow in the 
context of a poly a backbone, for A3. 2 binding, the poly a 
analog with the sequence AMAAAAAAK was synthesized (Table 13) 

Similarly, other peptides carrying other HLA motifs * 
were also synthesized and tested for HLA binding, it was 
found that in all cases, the presence of the specific HLA 
Motifs was conducive to binding to the relevant HLA allele 
vxth estimated K D comprised of between 125 and 2.8 nM m ' 

Z S tZr S ' bind±ng ~ alS ° ^-lutely specific, in that 

no binding was detected to irrelevant alleles, only two 
exceptions to this general rule were observed. Firstly A3 
and An peptides crossreacted extensively with each other 
perhaps as could have been expected by the fact that the ' 
motifs for these two alleles are remarkably similar. Second 
some Al peptides crossreacted, albeit with much lower 
affinities, on All and A3. 2. 

To further define the structural requirements for 
interaction hetween peptide epitopes and various TlTss / 

o"^!\ T™*' * na1 "* ° f " rMidUaS in lei ""> «* ~ 
{Table 14). These analogs were generated by insert!™ ,„ 
additional Al. residue within the poly A JLZZ sTtn^t the 
anchor residue, are not located in positions 2 end H ^ 
opposed to 2 and 9 in the previous Table, . The result , 
obtaaned illustrate that motifs of xo residues are a^« 
capable of specifically binding to the relevant =la« I 
alleles, elbeit with a slightly lower efficiency 

in summary, these data confirm that both 9-mer and 
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sh uld also be capable of binding, even if perhaps with lover 
affinities . 5C . 

The data described above show that the presence of 
certain residues in the anch r positions does allow (at least 
in a "neutral" poly A backb ne) for HLA binding. To 
investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly A 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15-19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding £0.1 
relative to previously defined anchor residues) , while c, G, 
and D were permitted (binding * 0.01 to 0.1 relative to 
previously defined anchor residues). The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated, in position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and F should also be 
preferred. No other residue was tolerated in position 9 for 
A3 binding. 

in the case of All (Table 16) , the preferred residues 
in position 2 were L, M, I, v, A, s, T, G, M (l and q by 
similarity) . Tolerated were c, F, D (and E by similarity) . 
in position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

in the case of A24 (Table 17) , Y and F were preferred 
m position 2 (and W by similarity); no other residue was 
tolerated, in position 9, F, I, and L were preferred (and W 
and M by extension). No other residue was tolerated. 

In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 
for binding) . This is indeed the case. For this reason 
analogs .containing two anchors were synthesized to define what 
residues might be preferred or tolerated in each positi n 
The data shown in Table is show that in position 2, T, s and 
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M are preferred, and no other residue is tolerated. in 
position 3 (Table 19), d and E are preferred, and A,S (and T 
by similarity) are tolerated. Finally, in position 9, only y 
is preferred, and no other residue appears to be tolerated 
(Table 19) . 

Thus, on the basis of the data, it is concluded that 
peptides carrying any combination of two preferred residues 
can bind. Peptides containing "imperfect" motifs, i.e 
carrying a preferred residue at one position and a 'tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Using the 
motifs of this invention for various MHC class I alleles amino 
acid sequences from various viral and tumor-related proteins 
were analyzed for the presence of motifs. The results of this 
motif analysis is shown in Table 23 a - k. 



Example || 

Validation of Hlift Prptirte B i nding Motif- with ™ »nH r~i ~rt 

Of HPV 16 Ppnfj^n, 

Human Papillomaviruses (HPVs) are implicated in the 
etxology of cervical cancer (Pfister, H. (1974) Biology and 
biochemistry of papillomaviruses, *ev. Physiol. Biochem. 
99:in; zur Hausen, H. (1991). Human papillomaviruses in the 
Pathogenesis of anogenital cancer. Virology. 18 4:9> and in up 

H 1991° v! n0rtality ^ t0 ™~ C»r Hausen! 

H. (1991). Viruses in Human Cancers. Science, 254:1167) 
Cervical cancer is the second most common cause of 
cancer-related death *n females worldwide (Parkin, D. M 
£ara, E. , and Muir, C. s. (1988), Estimates of the worldwide 
frequency of sixteen major cancers in (1980) . Int j Jlf 
-:XS4). HPV DNA is present in more tL 90, o^e^' 

rr°L a LT Pred ° minantly ° f ^ ^ " — ^ (ResTck 
Pox, H. S ., ter Schegget, J. , and Manos, M. M. ( 19 90) . 
Detection and typing of human papillomavirus in archival 

IZlll ^T7 at ?T &nS ^ ^ lificati - 1th consensus 

primers, j. satl. Cancer Inst; Van den Brule, a. j. C 

Walbo mers, M . „. , du Maine, M. , Kenemans, p., and^eijer, 
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C. J. L. M. (1991). Difference in prevalence of human 
papillomavirus genotypes in cytom rphologically normal smears 
is associated with a history of cervical intraepith tal 
neoplasia. Int. J . Cancer. 48:404). Th ability of HPV 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, s., Burkhardt, A.L., 
Doniger, J. , and DiPaolo, J. A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
•7. Virol. 57:572) and human keratinocytes (Pirisi. l. , 
Yasumoto, s., Feller, M. , Doniger, J., and DiPaolo, j.a. 
(1987) . Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. J. 
Virol, 61:1061) and to transform human fibroblasts (Smits, H. 
L. , Raadsheer, E. , Rood, I., Mehendale, S., Slater, R. m. ,' van 
der Noordaa, J., and ter Schegget, J. (1988). induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome 11. j-. virol. 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis, 

In general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief , c. J. (1992) . Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes 
Adv. cancer Res. 58:143; Melief, C. J., and Kast, W. M. 
(1992). Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13:81). 
Recently in a mouse model, it was reported that somedegree f 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, K. , Hu, S. L. , Hellstrom, I., and 
Hellstrom, K. E. (1991) . Human papillomavirus type ie . 
nucleoprotein E7 is a tumor rejection antigen. Proc. Natl 
Acad. Sci. 88:110; Chen, L. , Ashe, S., Brady, w. A 
Hellstrom, I., Hellstrom, K. E. , Ledbetter, J. A, , McGowan 
P., and Linsley, p. s. (1992). Costimulation of Antitumor' 
immunity^by the B7 counterreceptor for the T lymphocyte 
molecules CD28 and CTLA-4. c 12. 71:1093). m vivo 
protection by CTL was recently shown in mouse models in which 
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synthetic peptides containing CTL epit pes were used for 
efficient priming of nice against virus infections (Schulz, 
M. , Zinkernagel, R. M. , and Hengarter, H. (1991). 
Peptide-induced antiviral protecti n by cytotoxic T cells 
5 Proc. Natl. Acad. Sal. USA 88:991; Kast, W. M. , Roux L 
Curren, J. , Blom, H. J. j., Voordouw, A. c. , Meleon, r H 
Kolakofski, D., andMelief, c. j. M. (1991). Protection *' 
against lethal Sendai virus infection by in vivo priming of 
virus-specific cytotoxic T lymphocytes with an unbound 
10 peptide. Proa. Natl. Acad. Sal. USA. 88:2283), Moreover in a 
mouse model it has now been shown that complete protection 
against HPV 16 induced tumors can be achieved by peptide 
vaccination with a CTL epitope derived from the viral oncogene 

The HPV 16 E6 and E7 gene products are the most 
desirable target antigens for vaccination against HPV 16 

^tr!n s r 0, T BOth m ■" d hlghlV ~P~ssed in HPV 

16 transformed cancer cells in vivo (Baker, c. J., Phelps, w 

C. Lindgren, v., Braun, M. j.. Go nda, M. A. , and Howley, p 

LiL • StrUCtUral and riptional analysis of human 

papillomavirus type 16 sequences in cervical carcinoma ceTT 
lines. J. virol. 61:962; Smotkin, D., and Wettstein F o 
[1986] Transcription of human papillomavirus type'ie 'earlv 
genes in a cervical cancer and cancer-derived cell AL !^ 
identification of the E7 pro tein. Proc. Natl. ^ ^SA 
83:4680, and involved in the induction and mainten^e ^f " 

If '^6 E7'p r:; e and . Bank8 ' L ' continued expression 

or HPV 16 E7 protein xs required for maintenance of the 

Z7Js m ZlTT*° f CellS — — d by HPV-16 plus 

, wwy, d. r. , and Schiller, j. t. riQaqi tm™ 

i« E6 proteins eooperate to imort ; x . M nia £ a f 9 >; e ™ 

maintenance of the phenotype of cervical car H B 
(Von Knebel D eberitz m Bau ! c ervical carcinoma cell lines 
ebentz, M, , Bauknect, T. , Bartch, D. , and zur 



20 



25 



30 



35 



WO 94/03205 PCIYUS93/0742I 

64 

Hausen, H. U99U. influence of chronoso-al inteorati » „„ 
glucoc rticoid-reoulated transcription of gro^^ulLi 
papill aavirus genes E6 and E7 l„ ~ • , 9 ^™ 1 st:u ">l»ti n 

S epitopes and potential Viccine c ^> aa - - c*. 

pU^n ve evened peptides spavin* the ^ * 6 £ £7 
protein sequences for their ability to bind * 
freest husan ^ noleouleS( ^ »»" 

A24. Cabined these five alleles will 2 
• world population (Dupont, B ed ^^1^ ° f ^ 

^. - Hi.to_ti.uit, .estir 7 ^™:^ 
- . « ieUTd te 8 r rjArre;c^r ic 

and E7 oncogene seflU pnn« covering the entire HPV i 6 E6 

yt:ne sequences were svnthPB 

tor the respective HIA alleles an! D 

Predict which peptide of a pJL^u^TT^ "» a " el " 
groove of a specified HI* Jlec^ ^ ^ tb " 

unbiased .et of peptides, the resets oT~ " ^ 

analyses were used to evaluate ^ vai" 

for their predictive capacities and It "° tlfS botn 

Particular anchor aa .^^^toTT £ " 

peptide. positions 2, (3) and 9 in a 

>V repeated cycles ^LT^lToT^l ^ ™ 
acids to a resin of „„,. «. - al " on or protected aaino 

^c^eprotectil L~ T alte ">"«> «th a 

r'towccxon procedure (GauseDohl w «r ^ 

Cn., and Prank, r. w . ri99tn " se P° hl - ' Kraft, M. , Boulin, 

synthesis Wbop Livlti V***** » Ulti P^ peptide 

^ actxvatxon. in Proc. of the nn, » 
peptide symposium, j. E Rlvit>> . „ e llth African 

Rivier and G. R. Marshall, Ed. 
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ESCOM, Lei den . 100 3-10O4). The peptides all carrying a COOH 
9Toup «t the c-terminal end. were cleaved fro* resin ™ 
side chain pr tective groups were re* ved by treatment 
aqueous TFA. Peptides were analyzed by reversed J. 
- lyophilized and dissolved at a JL^llJlT 

phosphate-buffered saline with 3* (sl9M , st . ^» 

«175) before use. once dissolved, the peptides were "'JZ 
at c. S i„ce cysteine containing peptides are slcepti^e 

10 pentad " dUr1 " 9 SynthMlS — ttese 

c^teL. SVnthMi " d " ith « «^"e instead of a 

^ identification of peptides from Btv 16 Ee „ 

proteins that bind to different bia-a allele , 
of 240 peptides of a .„ <„ i "-I-Ieles. A complete set 

peptides of 9 aa in length and overlapping bv s »» 

are only peptides yielding ratio vLes oH 0 00i ' t 

seen that 2 peptides bound with high af f inity \l tj* ** 

* allow ^J.TLjl^l/Z^T^ ^ * 

To calculate the concentration of a pepli^! 
« 50* inhibition dose ,lc l on. h . necessary to yield 

the standard IC «„ by the r.°! ^ Value °* 

- « of a 0 2 por 

5 Table 20(b) describes the peptides t»» t >, „ 

A3. 2 molecules. Seven „».,<.<,, «"=P"des that bound to HLA- 

aff inity binders Til 'T "™ identl »<* « high s 

y oinaers, 6 as intermediate affinitv k<«^ 

low affinity binders. Table 20, c, desert It " " 

bound to H^-Aii.2 molecules, sil t^l»LT ttat 

a„d -eo^^rrLrc^T 5 < e6 - 59 

Prides with a y at the ,th Position^, 
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VADKALKFY) were identified for HLA-A11.2 c nsidering the high 
bxndxng strength of the first two peptides .no the similarity 
between the HLA-A1X.2 motif and the HLA-A3.2 motif in whic^ 

S L!,T- Prefe "" d " ^ " DMlti "». tyrosines should be 

?S *»" 9tt PMltion in <*« HIA-Alx.2 „oti f . Compart, 

Tables 2x ( b, and (c, it is clear that there is a large overdo 
of peptides that bound to both A3.2 and A11.2 molec^es 
Exghteen out of 28 E6 and E7 peptides binding to these u, HLA 
molecules overlapped and only 8 peptides were unique for ^ 
10 A3. 2 and 2 peptides unique for HIA-Aix.2. 

Finally, Table 20(d) describes the peptides that 
bound to hla-A2« molecules. Here 2 peptides wL identified 
as hxgh affinity binding peptides, s as intermediate 
bxndxng peptides and s as low binding peptides, one high 
affi^T 6 ( "" 72 ™*™**> — one intermediate 

SI! TnlTT RAHWIVTF) -™ ""-tified, indicating 

that an A at the second position should be allowed in +>,. J. 

» - V bi,h affinity ^\^rTSLSSrr" 1 x" 

^rbin^nTt' 1 ""* D ° XTCUle - « ^ P«Pti°d r es ali 

38) bound to KLA-A3 2 A„ t „ 0M 
crossreactive peptides boL^niv we^xtto 

different HLA molecules. I- •^^^"^0^"' ^ 
concluded that, except for HLA-A3.2 and aj^xj 2 .0?. , 
.0-oBt an HLA molecules bind unigue pep^e" "° leCUi ~' 

biased sTo^ T'lT^ « 
ox *.jv 16 £5 and B7 peptides. s 

-escribedTnrsXerir^^ 

Peptide, and also the reverse: how wl^hind * 

followed the identified motifs. ^11^^ 

r^ve^dr^r-^ 

— o'n the e^T-cL^, ~" ~" 

r Table 6 were analyzed. The 
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overall efficiency of the 2, (3) , and 9 anchor motifs was then 
calculated and this is solarised in Table 20( e>. it "n T 
conclud d that the . tif described above for the different 
^-A molecules are quite accurate. one hundred percent of 
the HIA-A1, A3.2, and A24 high binders would be predicted L 
well as S7* of the HXA-li.2. ^ for ^ int ^ZZ U 
bxnders between 40 and 100% would be predicted depending on 
the HXA-A molecule analyzed. Furthermore, the p Jcent of veaX 
bxndxng peptides that would be predicted is low and the 
percent of those peptides that were predicted to bind but 
actually did not bind is very low for all these alleles 

Analyzed differently, of the 12 peptides predicted to 
bxnd to HIA-A1 actually 5 bound with high or W^^T 
affxnxty. This indicates that only a few eaiate 
*o be made to „ nd ^ P ^^%™l?° S ™" *»» 
tor H^.,, A11 . 2 , and M4 were xo/^A/iTand «,\ ^ 
respectively, xhis implies that the predictive Calue f or an 

predicted hy tt" " ~f " ~ «* P " Ptid " «r 

jr we £ 9 {3) and 9 anchor motifs dirt n ^ 

indicating that having the right anchor residues is ~ \ 
sufficient for hindin, and implicating that ^ 
~-. can ^e negative contributions to Z IZZ, o f a 
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Presence of H Mnt:if M p||< 

If f^p j.enf: f or* Hierh »ff ^ja... 

bind to the relevant HI* alle^ I! " P1*i*» to 

Potential target molecules were scaled^" " 
motif-containino nentifl.. ™. e P rese n=« of 

synthesized and tL^ed for J^.****" ««e 
that in the case J onlTaTu^ IT*™* "> 
bound wi*h high affinity'in the 1 to so « PePttdeS 
them bound with inte™J- . " n9e - 22 -«* °' 

With intermediate affinities (in the 50 to 500 n« 
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range), while 34 . 6% bound v Mtos 
range,. F i».n y , 23 . 9% of ^ "0 « 

up to the so UH level. I„ the case or All. 33 ( 3 3 \,' of ' 
100 peptides bound with high affinity in the \ i I 
S 3« of ^ ^ with ^Ledia^f f r^Iee 1 Tinl TslT ' 
range ,, while «* bound weakly (ln ^ 500 „„ ^".^V' 0 "" 

" — ^ - — " « W up 

case of J^SLt^L £T ^JT^ ~ 
■otifs (Tab l.s and (b)) . ' It was f^ d ^ a 2 ; Z * 

zr» T fre,uBncy ° f *~* — — n^ er n ( iT:: 

in general, reduced affinity lnd ' alb6lt wlth - 

show that^Zs^ce^of T ^ """^ Cl "^ 

sufficient par ~ all L^ ^ "*« * not 

apparent thtTtH «ture of ~ " ^ * is *•"» 

positions other^Md": iTST-TaST * 
The most likely expla^tion of this obser^W " bindin »- 
presence of certain residues ,i„ mB 7Z " ^ 0,6 

can negate or increase thH< - poeltlons than 2 and 9, 

determinant. bln<,ln9 of a peptide 

specific ^iT^ZlT PrBCeding MCti0ne ««~ 
containing PeptLs "pept^s ^t ^ i"^' ^ ^ 
wanted to devise an alternative" !t.J "° Un ° 9aniC - "» — 
procedures that would be .h, ! ""tegy, namely to darlve 

containing ^C^S; S^""- ^ 

intermediate binders and thereby might w! Jl 
other experiments not shown inJrT.lL, Xmmmo ^^- In 
been shown to be immunogenic ^ " Mnders ^ 

residues that have a^!!^ • Particular, to identify 

T nave a negative impact rm • 
all positions for A3. 2 All anH n bindi »* an analysis of 

— es, both 9 -mere an^'is ^ 

ut • -tn the case 
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of All, because f the small occurrence of nonbinding 
peptides, a different cutoff was used such that the analysis 
compares good and intermediate hinders on the one hand to wL 
and nonbinders on the ther. 

Example 1? 

A l gor i thms to TdPnf.ifv T ni1n ^ enie Porti a 
In light of results presented in Example 13 ahovo 
algorithms are developed to provide a more exact P rL^ ' of 
binding based upon the effects of different residual at 112 
Position of a peptide seguence, in addition to *£ ancho^ 
conserved residues. More specifically, we utilize 21 1L 
ban* obtained during the screening of "ur aj££^T 

for each particular allele which assigns a score for each 
amxno acid at each position along a peptide. The Icore f or 
each residue is taken as the ratio of the frequency of tf 11 
residue in good and intermediate binders to tZ fZ 
occurrence of that residue in non-binders * 

by simile 6 ££T£^ ltta reSidUS8 ^ 

y Tnis avoids the problem encountered *h*k 

of each of its residues. P^oauct of the scores 

of peptide. „ ltn th. hiLe!r y PrediCt h W-O^lo. 

one were to reiy ^or e^ ~» «— «* *=od binaers. „ 

predicting s^'p^T^ 8 : 7 °" 2/9 Mt " * OT 
*-h« 1 Peprities which bind to a specific MHr ,n., 

the large number of nentiriio „ *. . . p lc 1010 allele 

p-^e* to b . ^~-rr^ r:ir" 

percentage of tneee peptide, «. good b ™£ rs " 1 "" ely 

Xerger percentage are intermediate nindert ^ a 

larger percentage of «- peptides predicted by ^ " m 
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exther weaJc or non-binding peptides. i„ contrast, using the 
grouped algorithm of this invention a population of peptides 
are created with a greater percentage of good binders, a still 
greater percentage of intermediate binders, and a smaller 
percentage, relative to that predicted by motif-containing 
peptides, are weak and non-binders. 

The present example of an algorithm uses the rati of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
each position of a peptide, it is immediately apparent to one 
of ordxnary skill in the art that there are alternative ways 
of creatxng a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amxno acid substitutions in a motif containing peptide wi^ a 
poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has th e 
advantage of including all of the peptides in the analysis 
and not 3 ust good/intermediate binders and non-binders 

Zr*T* ^ ^ * m ° re ^ titat ^e measure of affinity 
than the simpler group ratio algorithm. We create «, * 
algorithm by calculating for each amino th 
average log of binding when that particular res^o^s ^ 

Z*Ti* f "It" The algorithm sc ^e f r 

a peptide xs then taken as the sum of the scores by position 
for each of its residues. Y position 

Pre Mmi „ n of Pffp.H. , m. r rrlr , 

preseni-jna eelle, 
This example demonstrates the use of r-m. «. 
incubation or acid strip P i» g/pe p tiae L^J^^^* 

active ^ 1B1 .- epecitic mnU9ma pres j ~« 

The APC were us.d to sensitise precursor cytotoxic T ' 
lymphocytes which led to the development oVjZZl 

cytotoxic ceiis. This ^■■« W iLTJLrssr p * a 10 

Phytohe»a g i„tinin (pha, T -oell blasts or pertpneraTbl - 

'r"^ <™°> « staphylococcus 

(SAC-1) activated pbmc as APC. The result* T 

other APC and t the other MHC a^ells """"^ t0 



WO 94/03205 



PCT/US93/07421 



71 



. . The £ollov ™* describes sources for materials used in 

following examples: 

L-Ascorbic acid. Cat /B582, J.T. Baker, Phillipsburg, 

Anti-HLA A2 (BB7.2), Cat #HB82, ATCC, Rockville, MD 
Anti-HLA DR (LB3.1), from J. Gorga, Children's 
Hospital, Pittsburgh, PA. 

Anti-HIA Alpha chain pan ABC (9.12.1), from R. 
DeMars, University of Wisconsin, Madison Wl 
Anti-mouse IgG FITC conjugate, Cat /F2883, Sigma, st 
Louis, MO. ' 

^microglobulin, cat /MOH4, Scripps Labs, San Diego, 

BSA Fraction V, Cat /A9418, Sigma, St. Louis, MO. 
50cc conical centrifuge tubes, cat /2070, Falcon, 
Lincoln, Park, NJ. 

Cryo i. C freezing container, Cat /5100-0001, Nalge 

Rochester, NY. * ' 

Cryovial, cat #5000-0012. Halge, Rochester, NY. 

wr y M0? U " O3£lda (DMS °'' ^ Sigma - St - 

DNAse, cat #260912, Calbiochem, San Diego, CA 
Dy^abeads M-450 goat anti-nouse IgG, Cat ,llo.'o6, 
Dynal, Great Neck, NY. 

OTA tetra.odiu. salt. Cat #ED4SS, sig_, st . 
PACScan, Becton Dickinson, San Jose, CA 

Ficoll-rague, Cat #17-0,40-03, rhamacia. Piscataway , 

1 

Gentamicin, cat /600-575oad r*w „ 

T . . . w o/soad, Gibco, Grand Island NY 

L-Glutanme, cat «31 7 , Irvine Scientiric, Irvine 

GS-6KR centrifuge. Bee™ Instructs, Palo Alto, 

Hunan AB serun (as), cat #100-112, 
Bioproducts, Calabasas, CA. 
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Human rlL-2, Sandoz, Basel, Switzerland. 
Hunan rIL-7, Cat /Fi-1587-1, Genzyme, Cambridge, MA. 
Isopropan 1, cat /A464-4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCELLector T-150 culture flask for selection of 
CD4+ cells, Cat /8030, Applied Immune Sciences, Menlo 
Park, CA. 

Micromedic automatic gamma counter, 1CN Micromedics 
Systems, Huntsville, AL. 

OKT4 hybridoma supernatant, Cat /CRL 8002, ATCC, 

Rockville, MD. 
Paraformaldehyde, Cat /T-353, Fisher, Pittsburgh, PA. 
PBS calcium and magnesium free (CMF) , cat /17-516B, 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat #HA-16, Wellcome, 
Dartford, England. 

RPMI 1640 + Hepes + glutamine, Cat *12-115B, 
BioWhittaker, Walkersville, MD. 

RPMI 1640 + Hepes + glutamine, Cat /380-24OOAJ, 
Gibco, Grand Island, NY. 

Sodium chloride (NaCl) , Cat /3624-05, J.T. Baker, 
Phillipsburg, NJ. 

Sodium ("cr) chromate, Cat /NEZ 030, NEN, 
Wilmington, DE. 

Sodium phosphate monobasic, cat /S9638, Sigma St 
Louis, MO. ' 

Triton X-100, cat /X-100, Sigma, St. Louis, MO. 
24 well tissue culture plate, Cat #3047, Falcon, 
Becton Dickinson, San Jose, CA. 

cluster piate - ^ co "«- 

RPMI 161.0 + Hepes ♦ glutamine (Gibco) supplemented with 2 mM 

<IrVi " e SClenti "'='' 50 *«.tami=i„ ToL™. 

and s% heat inactivated pooled human Type AB serum , G em ini 
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Byproducts) fRPMI/5%HS]. EBV transformed lymph blastoid 
cell lines (LCL) were maintained in RPMI 1640 + Hepes + 
glutamin (BioWhittaJcer) supplemented with L-glutamine and 
gentamicin as above and 10% heat inactivated fetal calf serum 
(Irvine Scientific) fRPMI/10% PCS) . chromium release assays 
were performed in RPMI/ 10% PCS. 

CytoJcijies. Recombinant human interleukin-2 (rIL-2) (Sand z) 
was used at a final concentration of io U/ml. Recombinant 
human interleukin-7 (rIL-7) (Genzyme) was used at a final 
concentration of io ng/ml. 

Illation of Peripheral Blood Mononuclear Cells (PBMC, . whole 
blood vae collected i„ heparin (10 D/Bl) containl syrlngM 

and spun In socc conical centrifuge tubes (Falcon) at l 6 oo rpm 
(Beckman GS - 6KR) 15 mln . ^ pla=M layer ^ ^ r 

and 10 ml of the buffy coat collected with . lo -1 pipette 

^riil rr?* " 0tl0n - ™" bU " y °° at — thoroughly 
and dilute with an equal volume of serum free rphi 1640 Th 

diluted buffy coat was then layered over 2 o ml Picoli-Pa^ue 
(Pharmacxa) in , S 0=c conical tube and centrifuged 400 xTfor 
20 min at room temperature with the brake off The 
Ficoll- p i,„„a interface containing the PBMCs was collected 
using . transfer pipet (two interfaces per SOcc tube, IT 

fTTo IT' tlBeS ^ 50 " ( " 00 ' 1500 < — "00 rpm 



Freezing ana Tnauing pbmc. pbmc were frozen at 30 x io« 
cells/ml of 90% PCS + 10* DMSO (Sigma) in 1 ml -n T 
cyrovials (Kalge, . cryovlals were'placed ln ^yo^TrelT 

« 70 c from 4 hr (mmimum) to overnight (maximum) . 
isopropanol was changed after every « uses. Cryovi.ls were 
transferred to liquid nitrogen for Ion, term storage IZl 
«re thawed by continuous shaking in a 3 7 -c wate^h until 

«L CryStal MS Marly th " Md - Cells ««« immediacy 

il To^l T" fW **** ^ ^^in, DNAse 30 ^g/ml 
(t avoid clumpmg, (Calbiochem, , and washed twice. 
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Depletion of Lymphocyte Sub populations . CD4 lymph cyte 
depletion was performed using antibody-coated flasks: 
MicroCELLect r T-150 flasks f r the selection of CD4+ cells 
(Applied Immune Sciences) were washed according to the 
manufacturer's instructions with 25 ml pbs CMF + l mtf EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5% H S 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPMI/5% HS 
containing 30 ng/ml DNAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10 cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector . Flasks 
containing the cells were incubated for 1 hr at room 
temperature on a flat surface. At the end of the incubation 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 
CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PHA Blasts. PBMC were isolated using the 
standard Ficoll-Paque protocol. Frozen cells were washed 
twxce before use. Cells were cultured at 2 x 10<y*l in 
RPMI/5% HS containing 1 Mg /ml PHA (Wellcome) and 10 U/ml s 
rlL-2 . PHA blasts were maintained in culture medium 
containing 10 U/ml r IL-2 with feeding and splitting as 
needed. PHA blasts were used as APC on day 6 of culture 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Ac^d Strapping /Peptid Loading of PBMC and PHA Blasts. PBMC 
were isolated using the Ficoll-Pague protocol. When using 
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frozen cells, PBMC were washed twice before using, pha blasts 
were pr par d as previously described and washed twice before 
using, once cells were prepared, they were washed nee in 
cold sterile 0.9% NaCl (J.t. Baker) + i% B SA. m a 50cc 
conical centrifuge tube, the cells were resuspended at lo'/ml 
in cold sterile citrate-phosphate buffer [o-13 M L-ascorbic 
acxd (J.T. Baker), 0.06 M sodium phosphate monobasic (Sigma) 
PH 3, 1% BSA, 3 Mg /,ni ^microglobulin (Scripps Labs)] and 
incubated for 2 min on ice. Immediately, 5 volumes of cold 
sterile neutralizing buffer /I [o.is M sodium phosphate 
monobasic pH 7.5, 1% BSA, 3 M g/ml ^microglobulin, io M g/ml 
peptide] were added, and the cells were pelleted at 1500 rpm 
5 mm at 4 o C . Cells were resuspended in 1 volume cold sterile 
neutralizing buffer #2 fPBS CMF, 1% BSA, 30 lig /a i ONAse 3 
Mg/ml ^microglobulin, 40 „g/ml peptide] and incubated for 4 
hrs at 20o C . cells were diluted with culture medium to 
approximately 5 x io«/«l and irradiated with 6000 rads. Cells 
were then centrifuged at 1500 rpm for 5 min at room 
temperature and resuspended in culture medium. The acid 
stripped/peptide loaded cells were used immediately in the CTL 
induction cultures (below) . 

Ruction of Pr imary CTL using Acl* Strl Pped/Peptide ' Soadmd 
Autologous PBMCs or PHA Blasts as Stimulators. Acid 
strxpping/peptide loading of PBMC and PHA blasts are described 

w£[ e : ^ in9 ^ 4 * ^ stimulator cells 

with peptide, the responder cell population was prepared- 
Responders were PBMC that were depleted of CD4 + LlC 
(described above, . Responder cells were resuspended in 
culture medium at 3 x lo^ml. i *i of ^ r ^J ^ 
suspension was dispensed into each well of a 2^-wetx tissue 
culture plate (Palcon, Becton Dickinson,. The plates were 

Poo^at 111 ^ inCUbat ° r ^ 37 ° C ' 5% C °> tL stLiaL 

population was ready, once irradiated, stimulator APC were 

XTf 0 d r ed th in ;r ture mediun conta±nin9 20 ™ ™? aT 

10 /ml for the PBMC, or at 3 x loVml for the PHA blasts i 
*1 of stimulator cell suspension was added per well to the 
Plates containing the responders. on day 7^ ^n, . 
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100 Ml culture medium containing 200 ng/ml rXL-7 was added to 
each well (20 ng/well rIL-7 final) . on day io after 
induction, 100 /.l of cultur m dium containing 200 u/ml rIL-2 
was added to each well (20 U/well rIL-2 final) . 

Antigren Jiestimulation of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 
were pelleted and resuspended in culture medium at 4 x 10 6 /ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37-c, s% co 
Non-adherent cells were removed by washing each well three ** 
times with serum free RPMI. After this step, a 0.5 ml culture 
medium containing 3 „g/ml ^microglobulin and 20 ng/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 37-c, under 5% C0 2 with the peptide and ^microglobulin. 
Wells were aspirated and 1 ml of responder cells at 1.5 x 
10 /ml in culture medium was added to each well. After 2 
days, l ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 

Cytotoxicity chromium Release Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
the cultures was assessed. 

"• EKegtor Prrp«mion : the responder* 

*xch at this stage are renamed .effectors", were centriruged 
and resuspended at lo'/»l in H/1H FCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 
target ratios of lo 0 :i, 33!1 , and 3!1- Effector 

were aliquoted at loo „!/«!! on 96 well o-bottomed cluster 
plates (Costar) , in duplicate. 

. b- Tarqet C-n Prepgrnt-jon : Approxinately 16-20 
hrs prxor to the assay, target cells were resuspended at 3 x 

Microglobulin and 10 /ig/ml t tal peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 2 00 ,1 < 3 oo„ci, sodium ( »cr, chromate ( ™7 
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Cells were incubated at 37 «C for 1 far with agitation. 
Labelled target cells were washed 3 times with RPMI/10% FCS. 

c « Setting-VP the Assays : Target cell concentrati n 
was adjusted t 10 s /ml in RPMI/10% FCS and 100 /il aliquots 
were added to each well containing responders. K562 cells 
(cold targets, to block NK, and IAK activity) were washed and 
resuspended in RPMI/10% FCS at 10 7 /ml. Aliquots of 20 M l were 
added per well, yielding a 20: 1 of cold K562 target: labelled 
target. For the determination of the spontaneous S1 cr 
release, 100 /il/well of RPMI/10% FCS were added to 100 Ml/well 
of labelled target cells, and 20 Ml/well of K562. For maximum 
51 Cr release, 100 jxl 1% Triton X-100 (Sigma) in PBS CMF, was 
added to the 100 Ml/well labelled target cells, and 20 /il/well 
K562. Plates were centrifuged for 2 min at 1200 rpm to 
accelerate cell conjugate formation. Assays were incubated 
for 5 hr at 37 »C, 5% C0 2 . Assays were harvested by 
centrifuging plates for 5 min at 1200 rpm and collecting 100 
Ml/well of supernatant. Standard gamma counting techniques 
were used to determine percent specific lysis (Micromedic 
automatic gamma counter, 0.5 min per tube). 

Cultured cell Lines. JY, a HIA A2.1 expressing human 
EBV-transformed B-cell line, was grown in RPMI/10% FCS. K562, 
a NK cell sensitive erythroblastoma line was grown in RPMI/10% 
FCS. K562 was used to reduce background killing by NK and IAK 
cells in the chromium release assays. 

Peptides. The peptides used in these studies were synthesized 
at Cytel and their sequences are described in Table 24 a. 
Peptides were routinely diluted in 100% DMSO at 20 mg/ml, 
aliquoted, and stored at -20° C. 

FACS Analysis. Approximately io 6 cells were used for each 
antibody that was to be tested. Cells were washed twice with 
PBS CNU + 0.1% BSA. To each sample, 100 M l PBS CMF + 0.1% BSA 
+ primary antibody at 2 M g/ml (BB7.2, ATCC) or (9.12.1 
Inserm-CNRS, Marseille, France) or (LB3.1, Children's Hospital 
Pittsburgh) were added, a negative control was always 
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included. cells were incubated on ice for 20 min and washed 
twice with PBS CMF + 0.1% BSA. c lis were resuspended in 100 
Ml anti-mouse igG FITC conjugate (Sigma), diluted 1:50 in PBS 
CMF + o.i* BSA, and incubated 20 min on ice. Cells were 
washed twice with PBS CMF + 0.1% BSA, and resuspended in PBS 
for FACScan (Becton Dickinson) analysis. When it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher)' and 
analyzed within one week. 

Binding Assays Using Intact Cells and Radiolabeled Peptide 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer /l as described above, jy control cells 
were left untreated in tissue culture media. After treatment 
both cell populations were washed twice with serum free RPMI 
and loaded with "*I-radiolabelled 941. oi (HBcl5-27) peptide 
(standard chloramine T iodination) . To determine binding 
specificity, 2 x 10« cells were resuspended in 200 »l 
neutralizing buffer #2 (described above) containing 

1-941.01 (10* cpms) +/" 100 ng unlabelled 941.01. Cells 

fill £TT* 4 ^ 2 °° C WaShed vith serum 

free rpmi to remove free peptide. Cells were resuspended in 
200 Ml of serum free RPMI. in a microfuge tube the cell 
suspension was layered over an 800 „i FCS and pelleted by 
centrxfugation for 5 sec. Supematants were aspirated and the 

a" d oL a t T lty renaining in ^ pellet was -^Sc^LS: 

automatic gamma counter, l Bin per tube) . 

Cla g T me mn] e l. p r+yf jm"'''' 

Kild acid solutions of P H 3 such as glycine or 

Id^r Ph °- Phate bU " er " ^ been USSd ^oups to 

T cell e T 09M0US P « ptWes — *° tu.or assoclatll 

T • P1 ' OPM - The »ique in that only the mc 

class I .plecules are destabilized (and peptides release^ 

a JT^"" " tl9enS reMi " inta « including 
-o^cul"- Host tap rtantly, treatment of cells with 
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the mild acid solutions of this example do not affect the 
cell's viability or metab lie state. The mild acid treatment 
is rapid since the stripping f endogenous peptides occurs in 
two minutes at 4»C and the APC is ready to perform its 
function after the appropriate peptides are loaded. In this 
example we utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specific CTL. The 
resulting APC were efficient in inducing peptide-specif ic CD8+ 
CTL. 

Measurements by FACS Analysis. PHA-induced T-cell blasts were 
acid stripped/peptide loaded according to the methods 
described in Example 15. The resulting cells were stained for 
FACS analysis using anti-HLA-A2 (BB7.2) and anti-HLA alpha 
chain-specific (9.12.1) monoclonal antibodies. Controls for 
this experiment included the same cell population which was 
not treated at pH 3 (but treated with PBS buffer at pH 7.2), 
and with cells treated with citrate-phosphate buffer (to strip 
the MHC) but neutralized in the absence of ^microglobulin and 
peptide. The results presented in Figure 15, indicate that 
treatment of these cells with the citrate-phosphate (pH3) 
buffer significantly reduced (10-fold) the reactivity of the 
cells toward both anti-HLA class I antibodies alone 
(anti-HLA-A2 and the alpha chain specific) , but not towards a 
monoclonal antibody specific for class II MHC molecules 
(anti-HLA-DR) . Most importantly, neutralization of the 
acid-stripped cells in the presence of ^microglobulin and 
peptide resulted in preservation of a significant amount of 
class I MHC antibody-reactive sites, with only a 2.5-fold 
decrease in fluorescence intensity. Importantly, the 
acid-treated cells remained viable, as measured by trypan, blue 
exclusion and forward/ lateral FACS- scatter analysis. Similar 
results were obtained using EBV-transf ormed B cell lines 
fresh (or frozen) PBMC and other peptides (which bind to' 
either HLA-A2.1 or HLA-A1) (data not shown). 

Binding \r Radiolabeled Peptides to Empty MHC Molecul s To 
determine th efficiency of peptide loading using the cold 
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temperature incubation or acid stripping/peptide loading 
protocol, JY cells (an HLA-A2.1 EBV-transf ormed B cell line) 
were preincubated at 26 - C overnight or acid-stripped to remove 
the endogenous MHC-associated peptides and the loading of 
exogenous peptide was determined using a 12s I-radiolabelled 
HLA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) . 

In Vitro induction of Primary Antigen-Specific CTL Using Acid 

I Tl* I**/"** Z ° aama Addltional Parameters 

for the induction of primary CTL using both the cold 

temperature incubation and acid strip protocol are: i) 

("l^eti 0 " T + T " CellS ±n " S *° nd ~ «U Population 

(or depletion of CD4 + T-cells) , 2) addition of rtt-7 to the 

CTL induction cultures from day 0, and 3, restimulation of the 
cultures with antigen on day l 2 - 14 using autologous adher ^ 
cells pulsed with peptide. Results presented in Figs, "and 
17 show experiments performed using PBMC and PHA-induced T- 
cell blasts as APC. Figure 18 shows experiments using PHA- 

pLTr: lt 11 blasts - apc whiie » — - ~ f 



Example if 
aepfcidi»« to ^enti t y l-i-i . n n i» \ 
bv S »c t ° rder t0 idBnt "y ^ epitopes, ctl ^st^iated 

unstable was utilise, in . M i tlon to aci(J 8trippi > * o " 
generate^ PBMC APC. W 9 t0 



WO 94/03205 



PC17US93/07421 



81 



> 



Complete Culture Medium. The tissue culture medium used in 
this study consisted of RPMI 1640 with Hepes and L-glutamine 
(Gibco) supplemented with 2 mM L-glutamine (Irvine 
Sci ntific), 0.5mM sodium pyruvate (Gibco), 100 U/100 ug/ml 
penicillin/ streptomycin (Irvine) ,~and 5% heat-inactivated 
Human Serum Type AB (RPMI/ 5% HS; Gemini Bioproducts) . culture 
media used in the growth of EBV-transformed lines contained 
10% heat-inactivated fetal calf serum (RPMI/io% PCS, Irvine) 
instead of human serum. 

Cytokines. Recombinant human InterleuJcin-2 (rIL-2) and 
Interleukin-4 (rIL-4) were obtained from Sandoz and used at a 
final concentration of 10 U/ml and 10 ng/ml, respectively 
Human interferon-? (ifn- 7 ) and recombinant human Interleukin-7 
(rlL-7) were obtained from Genzyme and used at 20 U/ml and 10 
ng/ml, respectively. 

Peptides. Peptides were synthesized at Cytel and are 
described in Table 24 a. Peptides were routinely diluted in 
100% DMSO at 20 mg/ml, aliguoted, and stored at -70 
use. ux - 

Call L^os. JY, Steinlin, EH«, BVR, and KT3 are hoaosygous 
EBV -" anaf ° raed * "»e. expressing HLA A 2 

1" rMpertivel y- ™*V ^own i„ rpmi/io* " 

S^XO* ^s° e11 MnSltlV - «*•"«-*-. line ^ om ln 
PPMI/10* res. was used for reduction of background killing in 
CTL assays. Helano»a cell ii„ e s either expressing the mJ* 
«.t,gen. »el 397 and -el 938, or not expressing tie kJT 
antigen; .el 888, were also grown in RPMI/10% FCS. 

ZllVtZ" "/ Perip " e " 2 B1 °°* «°nonuclear cells (PBIICs) . ' 
Whole blood was collected into heparin containing syringes and 
spun in socc tubes at W *ph (B e=k-an GS-6KR, f o/xT 
•uinutes. The plasma layer was then removed and 10 »i „«> k 
coat -.^collected with a pipette using a circular Zot!L " 
The buffy coat was Mixed well and diluted v tT " , 
of rpkt th« . utea Wlth an equal volume 

WMI. The buffy coat ,30 »1, „ as then layered on 20 nl of 
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Ficoll-Paque (Pharmacia) and centrifuge* at 1850 RPM (400xg) 
for 20 minutes, 25*C, with the brake off. The interface 
between the Ficoll and the plasma containing the PBMCs was 
recovered with a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of rpmi (1700, isoo 
and 1300 RPM for 10 minutes) . cells were resuspended in 10^20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration. 



Fraazing PBMCs. 30 million cells/tube (90% FCS/10% DMSO- 
Sigma) were inserted into a Nalgene Cryo i-c Freezing 
Container containing isopropanol (Fisher) and placed at - 70 o C 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 
.liquid nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37«c water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time) 
cells were diluted into serum-free RPMI containing 30 ^ * ' 
DNase to prevent clumping by dead cell dna and washed twice. 

induction of Primary CTL Using SAC-I Activate* PBMCs as APCs 

». Preparation 9f ft Pr ^ ; PBMCs were purified . 

standard Ficoll-Pague protocol and resuspended at 1 x i^/ml 
xn RPMI/5% PCS containing 0.005* Pansorbin cells (SAC-I cells 
IZZl ±ng J r0tein *' C ^ochem), 20 Mg/ ml Immunobeads 

^Trceir" I9M; Bi ° rad) ' ^ 20 n9/al ° f *—» 
Two ml of cells per well were plated in a 24-well plate 

(Falcon, Becton Dickinson) and cultured at 37-c. After 3 

tiles T^tZ ^ ^ CellS We — *ed three 

times followed by addition of Rpmi/io* hs. The cells were 

used after culturing for an additional 2 days in RPHI/io% HS. 

b " g^^ 5 ^^ of empl-y n n sc T m»i -.^ t h 

APCs fl ni Penl-in. ,o,h<^ - f pi.. the S „ rfqrp of 

x 1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 
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were adjusted to a concentration of 2 x 10 6 /ml in complete 
culture medium containing 10 ng/ml rIL-4, 20 U/ml human IFN-y, 
and 3 Mg/nl 02 -microglobulin (fi 2 m; Scripps Lab). The cells 
were then incubated overnight at 26 -c in the presence of 5% 
CO a . It should be noted that these cells only express a 
fraction of Class I molecules in the empty state ("10%). 

b. Peptide loading of APC stimulator cells: 
Empty Class 1 expressing APCs were washed 1-2 times with 
serum free RPMI (+ L-glutamine and Hepes) and resuspended at l 
X 10 in serum-free RPMI containing 50 /.g/ml total of the 
peptide pool (i.e., 16.7 M g/ml of each peptide in a pool of 
three; 25 M g/ml of each peptide in a pool of two; 50 ng/mi of 
individual peptide) , 30 pg/ml DNAse, and 3 ng/ml 0 2 m. 
Following a 4 hour incubation at 20 «c, the cells were 
irradiated at 6100 rads (5 x 10*/ ml; 25 million cells/tube) 
washed and adjusted to the appropriate concentration for 
addition to the induction culture (see below). 

2. Acid stripping: This was used as an 
alternative method for generating empty MHC on the surface of 
the APCs. The SAC— I activated PBMCs were washed once in cold 
0.9% sodium chloride (J.T. Baker) containing 1% BSA. The 
cells were resuspended at lo^/ml in cold citrate-phosphate 
buffer (0.13M L-ascorbic acid [J.T. Baker], 0.06M sodium 
Phosphate monobasic [Sigma], p H 3) containing 1% BSA and 3 
Mg/ml 0 2 n and incubated on ice. After 2 minutes, 5 volumes of 
cold 0.15M sodium phosphate monobasic buffer, pH7 5 
containing i% BSA, 3 „g/ml /3 2 m, and 10 Mg /ml peptide 
[neutralizing buffer ,1] was added and the cells centrifuged 
at 1500 RPM for 5 minutes at 4«c T* e «m„ „ «^«ugea 
4 „ , , ^ * c * The cells were resuspended 

in 1 »l .food PBS containing l* BSA. 30 m/Bl 3 

^axcroglobulin, and 50 M g/»1 peptide [neutralizing buffer «, 
and incubated f or 4 hours at ,0-c. As above, subseguent to 

Too raos ^ ln T ati ° n " 20 " C ' — Radiated at 

adlltT. ' * U " " i " i0n = ells /^)< ""bed, then 

^duotlo T aPPr ° Priate ™*ration for addition to the 
induction culture (see below). 
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c * Separation of th* cd4+ d e m P ^H ?P M ^ ^^^^ r ^ 

„ Mg f1w *™ ** S »*» cellector T-150 ^ecif ic 
for the depletion of CD4+ T cells; Menlo Park, CA) were 
primed by adding 25 ml of PBS/i mM edta, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for l hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS /EDTA 2 
additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed-in 
serum-free rpmi ( + L-glutamine + Hepes, containing 30 Mg/tt i 
DNAse, washed once, and incubated for 15 minutes in culture 
Medium. Following aspiration of culture medium from the 
flasks, up to iso million PBMCs were added in 25 ml of culture 
»edium containing 30 „g/ml DNAse. After 1 hour at room 
temperature, the flasks were rocked gently for io seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8 + t cells was collected and the 
flasks were washed 2 times with PBS. The CD4 + T cell dl^! „ 

ZZtT" 7 Strlf »»- — ~- -r addition tr^e P ted 
xnductxon culture. The CD4 + and CD8 + phenotype of the CD4 + 
depleted cell population was determined by rZs analysis see 
below). In general, this technique resulted in a twL!id 
enrichment for CD8+ T cells w^k , two-fold 

40-50% CD8 + t cel!l InTls \ol ° f ■W«*«t.ly 

f . Cells and 15 ~20* remaining CD4+ T cells 

~llsT' T etl ° n ° f T Ce " 8 - O^ CD4 + T 

cells can also be accomplished bv , B fju * 

T cell, served ^ purpOM J^"^ ^ let " n . 0f 

:: t « f vhioh . wouM ~— - zlzz. « d rr n9 

interfere with CTLp expansion. * 
d * Induet-<»n of rr j nffrY n . ly .. _ 

as the responds population were prepared u^J ™ - 
'or sanction of CD8 + T cells thr^T^ 

cen s (ab ve) . ^ responder cell s 9 ^ e p ^ e 1 ; ti : n ° f CD *+ - 

in a 1 ml volume (24 well , / Plated at 3 x lo'/ml 

(24 well plate) and placed at 37«c until the 
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peptide loaded stimulator APCs were prepared. The irradiated, 
peptide loaded APCs were washed l time in serum-free RPKI ( + 
I-glutanine and Hepes) , adjusted to ixio'/ml in complete 

• ™£ Um : V ated int ° " " We " Plate 1 1/Pl-f • For 

• PBHC, i , 10 « stimulator cell . (1 ^ voW) vm 

the wells containing the responder cells; Por sac-i , c; vated 
PBMC and PHA blasts, l ml or 3 x xoV-1 sti.ul.tcr cells C 
Plated in each well. A final concentration of 10 „g/»l of 
additional peptide was added in addition to 10 ng/mi f ina i 
concentration of rIL-7 (2 ml total volume) . on day 7 an 

IZTZ 1 11 T ml rIL ~ 7 wa " added to **- cult - e " °/-l 

rIL-2 was added every 3 days thereafter. On day 12, the 
cultures were restimulated with peptide pulsed adherent cells 
and tested for cytolytic activity 7 days later (below^ 

Protocol for ^stimulation of Primary CTL Vslng Cerent apc 
lTJllT\T Ve * lnt ° — (♦ WlutaminHL 

toT* lo^mTTI "rr 1 D " ASe ' ^ 2 — *<^< 

culture medium containing DNAse. pbmcs „m 

^17*%^ ^ S " X ' — , — ^ » «.0R After i 

»^ V T *—»*•»»■« i« culture medium and 
adjusted to 0 x io'/ml. i „i of i^^ pBMCs ^ 

per well of a 24-wen «i was added 

hours at 37-c walhea 3 t I "™ 1 — *«*- for 2 

washed 3 times to remove non-adherent mi. 
and cultured in „.dium containing 20 „ g/ »i to^-ot^ 
Mg/ml ^microglobulin added in a 0 5 ml v=, 3 
incubated for 2 hours at 37-c T»e " aln 

fACS Analysis, one million cells/ tube were centric * ' 

then washed 2 times with PBS/o Cells were 

"suspended in PBS to ln» f B «/0-02t sodium azide and 

When ft was n t p ssiblTto" ? FACScan < B ~"°n Dickinson, . 

t P ssible to analyze samples within 1-2 days. 
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fFishJr f ^ C ° ntaini ^ » Paraformaldehyde 

(Fisher) and analyzed within one week. 

cytotoxicity Assay 

' prior ' J'^TrT'" Prf , pnr n t1 n n - *PP«xi.ate ly i 6 - 20 houre 
£v r T M " y ' tar9et CSlXE <Cla " 1 -«=»ed 

To T , lines, were washed once .„d resuspended in a 

10 ml volume at 3 x 10 s /ml in rphi/s* pes .„ " " 

absence of 10 „, /Bl totil pept ^' S% PCS ln ~- or 

b- ^ ab gllTTT Of tarqfft rrm .- Target cells were 
centrifuged and resuspended in 200 «l/tube sodium »cr 
chromate (NEK), then incubated at 37-c ,„ , k 
Targets were washed , tiMS (10 ^f^l* «~ " 
r^suspended in 10 ml (t „ determine the efficten^oT "* 

automat?!' " 1/tar9et ™" COUnt « d OT «" "i-oLdic 
automatic gamma counter) . 

end « S F^ SSB3t - Tar * et »«« adjusted to 2 x lo»/ml 

and so M l of the cell culture was added to each wei, , 
U-bottomed «-w.u pla te (Costar corp., " 
concentration of 1 x ioVw.ll. K6 f c u.^ 
r„u ded at < * 10 < /ml . and 50 ,1/w.ll w. 7JZTorT' 

^llT^TV 1 2 x lo5/we11 (ratl ° of ~" to 

9 was 20 :1 >- Responder cells were vash*»H 
"suspended » fc 9 * «V»1, end three fold s«i a i d^i f 
were performed for effector to target ratios^ \o" I™ 
10.1, and 3:1. Responder cells were .d„.H < ' 
«1 in duplicate wells T in " VoluBe °* ">° 

labelled'target cells; SO ^ZTZT T"' " ' 
-edium was added. Por maxC release' TulT °* 
Ml/well K562, and loo Ml/well of 0 11* <l ' 50 
added. P1 .tes were centrrrugeTfor " mTnuTT ~ 
Following a 5 hour incubation at 37-c IZ^" "°° ^ 
again for s minutes at 120. *p„, a „d Vo T^lTl^^ 
aupernatant was collected ~ sfnd»^ W/WU of 
(Hicromedic automatic gala colter 

ueed to % determi„e the percent £ec«ic ^sTr'^ 
formula: » specific lv=i= - according to the 

"le.se/cpm maximum reLase" T^*^* 1 ~ — ^ us 

release - cpm spontaneous release x 100. 
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A cytot xicity assay (CTL assay) was considered positive if 
the lysis by CTL of targets sensitized with a specific peptide 
at the two highest effect r to target (E:T) ratios was 15% 
greater than lysis of control targets (i.e., target cells 
without peptide) . a cytotoxicity assay (CTL assay) was 
considered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 
to target (E:T ratios was 6% greater than lysis of control 
targets (i.e., target cells without peptide). 

d. BesiUts. of the peptides that bind to the indicated 
alleles, 9 of the 49 MAGE peptides, io of the 45 HIV peptides 

toir 'd "Z PePtldeS ' ^ 2 ° f 20 tested 

to date anduced primary CTL in vitro. Representative graphs 

illustrating CTL responses to various immunogenic peptides are 
shown for MAGE (Figure 22), HIV (Figure 23,, HCV (Figure 24^ 
and HBV (Figure 2). The CTL induction data are summed in 
Table 24 which lists the immunogenic peptides which bind to 
the appropriate MHC and induce primary CTL in vitro 
indicated is the peptide's sequence, corresponding antioen 
HLA allele to which it binds. Results showO in ^ T " 

tar^o e il lySiS " P6Ptide SenSit±2ed — ts and^dogenous 
targets following stiumlation with SAC-I activated PbmJ 

loaded with a MAGE 3 peptide, X044.07 by the cold temperature 

and incubation technique. Figure 21 shows a comparison of ^e 

acid strip loading technique (Panel a) with the Told 

temperature incubation technique (panel b) . 

Although the present invention has been described 4 « 
some detail by way of illustration and example tot lZT , 
clarity and undemanding, it will be apparent ZJ^ZZ 
changes and modifications may be practiced within tZT * 
the appended claims. within the scope of 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 
Binding Capacity (IC so nM) 



Sequence 


Motif 


Al 


A2.1 


A3. 2 


All 


A24 


AADKAAAAY 


Al 


50 


• • 9 








ATAKAAAAY 


Al 


15 




329 


77 




ATDKAAAAY 


Al 


2.6 




9250 


840 


ND 


AUUCAAAAV 


A2.1 




125 








AMAAAAAAX 


A3. 2 






48 


8.4 




ATAAAAAAK 


All 






59 


40 




AYAKAAAAF 


A24 













15 -A dash indicacea an IC 50 greater than 20.000 nM. 



115 



20 



25 



30 



SEQUENCE 
AADKAAAAAY 
ATAKAAAAAY 
ATDKAAAAAY 
ALAKAAAAAV 
AKAAAAAAAK 
ATAAAAAAAK 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 




MOTIF 

Al 

Al 

Al 
A2.1 
A3. 2 
All 



Al 
45 

58 
4.0 
NO 
ND 



A2.1 



A3. 2 



1100 
10000 



1400 



•A dash indicates an IC S0 greater chan 20 . 0(J0 



All 



1030 



4533 
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TABLE 15 
HLA-A3.2 
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90 



10 



IS 



20 



25 



TABLE 16 
HLA-A11 



30 
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91 



10 



15 



TABLE 17 
HLA-A24 
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92 



10 



15 



20 



25 



TABLE 18 
HLA-A1 



PEPTIDE 
982.011 
982.07 

982.09 
982.13 
982.08 
954.09 
954.11 
954.13 
982.10 
982.11 
982.12 



SEQUENCE | AVERAGE RATIO TO 982.07 | 



ATDKAAAAY J 

ATAKAAAAY | 

ASAKAAAAY 
AMAKAAAAY 
AAAJCAAAAY 
ALAKAAAAY 
AIAKAAAAY 
AVAKAAAAY 
AJCAKAAAAY 
ANAKAAAAY 
ADAKAAAAY 



SUBSTITUTION 



30 



982.14 
982.15 
982.16 
982.17 

982.24 
982.23 
982.28 
982.32 
982.25 
982.26 
982.27 
982.30 
982.31 
982.29 



AGAKAAAAY 
APAKAAAAY 
AYAKAAAAY 
AHAKAAAAY 

ATAKAAAAA 



ATAJCAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 
ATAKAAAAK 
ATAKAAAAI 
ATAKAAAAP 



Motif 
1 

0.17 
0.09S 
0.0064 
0.0045 
0.0045 
0.0020 
0.0011 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0.0001 
<0.0001 
<0.0001 
<0.000l 
<0.0001 
cO.0001 



i 



position 2 



no O in pos 3 



Position 9 
no D in pos 3 
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10 



15 



PEPTIDE 

982.01 

982.07 

982.01 
954.03 
962.02 
982.06 
982.04 
982.03 
982.05 

982.20 
982.21 
982.19 
982.22 



SEQUENCE 

ATDKAAAAY 

ATAKAAAAY 

AADKAAAAY 
AABKAAAAY 
AAAKAAAAY 
AASJCAAAAY 
AANKAAAAY 
AAOKAAAAY 
AAKKAAAAY 

AADKAAAAA 
AADKAAAAW 
AADKAAAAF 
AADKAAAAK 



TABLE 19 
HLA-A1 

AVERAGE RATIO TO 982.07 | 
Mocif 
1 

0.14 
0.038 
0.0055 
0.0024 
0.0011 
0.0008 
<0.Q001 

0.0016 
0.0005 
<0.0001 
<0.0001 



SUBSTITUTION 



position 3 
no T in pos 2 



position 9 
no T in pos 2 



X 
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10 



15 



20 



E6 
B6 
B7 
E7 
E7 
E6 

E7 

E6 

E6 



TABLE 20(A) 

HPVI6 E6 AND E7 PEPTIDES BINDING TO HLA-AI 




80 
69 
44 

37 
19 

144 

73 

139 

61 



Sequence* 

ISEYRHYAY 
VADKALKFY 
QAEPDRAHY 
EIDCPAGQA 
TTDLYAYEQ 
MSAARSSRT 
HVDIRTLEO 
WTGRAMSAA 
YRDCNPYAV. 



3.500 
0.240 
0.029 
0.025 
0.023 
0.019 
0.014 
0.010 
0.008 



\ 
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TABLE 20(B) 

HPV16 E6 and E7 Peptides Binding 10 HLA-A3.2 



Origin 



10 



15 



20 



25 



30 



E7 

£6 

£6 

£6 

£6 

£6 

£6 

E7 

E6 

£6 

£6 

E7 

£6 

E6 

£6 

E6 

£6 

E6 

E6 

E6 

E7 

E6 

E6 

E7 



Pirsc aa 
Position 

107 

59 

89 

33 
125 
143 

7 

93 
37 
51 
145 
75 
89 
52 
80 
42 
68 
97 
79 
84 
69 
146 
58 
38 
67 
60 



Sequence* 

LIRAINAQK 
IVYRDGNPY 
IVAPIASQK 
IILEAVYAK 
HLDKXQRFH 
AMSAARSSR 
AMFQDPQER 
TTLEQOYNK 
AVYAKQOLL 
HYNIVTFAA 
SAARSSRTR 
KFYSKISEY 
SLYGTTLEQ 
YNIVTFAAK 
ISEYRHYAY 
OOU-RREVY 
AVADKALKF 
OOYNKPLAD 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRR 
AAKADSTLR 
VYAKQOLLR 
YAVADKALK 
KADSTLRLA 



Binding Ratio 
to Standard?* 

3.7000 
3.0000 
2.2000 
1.5000 
0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 
0.0100 
0.0080 
0.0067 
0.0064 
0.0058 
0.0056 
0.0045 
0.0044 
0.0036 
0.0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



Motif 
Prediction 



35 



n 1*4 * 
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10 



15 



20 



25 



30 



E6 
£6 
E7 
E6 
E€ 
BB 
E6 
E6 
E6 
E7 
E6 



33 
93 
89 

7 

59 
80 
37 

145 

107 

58 

42 



6 .7000 
1.8000 
1.3000 
0.8400 
0.4700 
0.4300 
0.0450 
0.0330 
0.0120 
0.0110 
0.0084 



I I LEA V YAK 
TTLEQOYNK 
IVAPIASQK 
AMFODPQER 
IVYRDCNPY 
ISEYRKYAY 
AVYAKOOLL 
SAARSSRTR 
LIRAINAQK 
AAKADSTLR 
OOLLRREVY 

AMSAARSSR 
KISEYRHYA 
YAVAOKALK 
YNIVTFAAK 
AVAOKALKF 
VADKALKFY 
VYAKOOLLR 
TGRAMSAAR 
VAPIASOKP 
HYNIVTFAA 

:r ch -- --- * — : 

experiments SniidereS i?cSf. e ?LK <, 2rf 0 i " 'l!' COur9e ° f ^e 
yielded ratio values of s 0 001 M1, AAA other peptides 

Bracks indicate score according to adjusted motif. 
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10 



15 



20 



25 



E6 
£6 
E6 
B7 
E6 
S6 
B6 
E6 
E6 
E6 
E6 
B6 
Bold A' 



87 
72 
131 
49 
49 
82 
26 
66 
1 

85 
44 
38 



Sequence 1 

AYSLYGTTL 
KAJLKFY5KI 
RFHHIRGRW 
RAHYNIVTF 
VYDFAFRDL 
EYRHYAYSL 
LOTTIHDII 
PYAVADKA1. 
MHQKRTAMF 
HYAYSLYGT 
LLRREVYDF 
VYAKQQLLR 



indicate residues in which cysci 



0.1200 
0.1100 
0.1000 
0.0670 
0.0610 
0.0460 
0.0200 
0.0055 
0.0049 
0.0037 
0.0023 
0. 0011 

ine was replaced by alanine 



Brackets indicace score according co ad 3 usced mocif. 



X 



WO 94/03205 PCT/US93/07421 

99 



rr I < < H --j 01 CO . k - ^ 



3 



K> — 
a> O 



8 

O 



3D 
CO 



ON 



*o A 



[~ ~~ ON .^.^ 

h*«r ~ k> k> ~ 

J ^ • o 2 * o 

IS on 5?^ ~*>*-«r 



"S 

CO 



lO 09 



« «> 



X 



z 
o 

09 
3D 
CO 



5> 



I* ~ ^ £u«UI 



o o to 



KJ ~* 

u» »-* o\ u* 



2 55*52 



3E 

§ 



2 
O 

m 

3D 
CO 



Lfi H wwo^ ^4 <*J o 

lo lI|l°5S5S 
22222 2222 



3 



WO 94/03205 



PCT/US93/07421 



100 




WO 94/03205 PCI7US93/07421 

101 



2 > > 
» X so x 



3 
CD 



22 wi • — 



o o o o 



8 

o 



o 
w 

so 

CO 



K> K> ^ KJ 



o o o 



•-i gj 

5 

o S 
go 

n 



ii 

Jo" 0 
3K 



in CD 
-ll — >— * 
I* ^ 

^; isj io 

. • • * 

ON ^ 



~ ° 

^ X — * 

2 22k!:: 



o 

so 

CO 



a « ^ 



*f ; — 3 5 ~ «— 



o o o 



o 
w 



CO 



K> K> K> 



o o o o 



o o 
o o 



o o o o 



o o o o 



SSSSSSooooO oo 



2 



WO 94/03205 



PCT/US93/07421 



102 




WO 94/03205 



103 



PCT/US93/07421 



HUJMUtHLV 
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\ma i 
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i.iaa t 
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± 10 
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FLU 
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Peptide ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044 . 04 

1044.05 
1044.06 



Table 25 a 

Peptides Synthesized 
by Cyt 1 For Loading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBC 

PAP 

PSA 

PSA 



Sequence 
FLLTRILTI 
FLPSDFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQWVL 
FLPSDYFPSV 
ILLHDPIPV 
KLQCVDLVHI 
MT.TiRLSEPAEL 



20 



25 



Table 25 b 
Cell Population 



JY acid stripped 
JY acid stripped 
JY control 
JY control 



12 5 1 -Labeled 

Peptide +/- Cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
50 



n 
n 
n 
n 



3 
1 
3 
1 
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WHAT IS CIATMTT> T ffT 

1. A composition comprising an immunogenic peptide 
having a HIA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, h and F; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim l, wherein the first 
conserved residue is at the second position from the 
N-terminus. 

3. A composition comprising an immunogenic peptide 
having a HLA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, s and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-terminus . 

' . 5 * A coln P os ition comprising an immunogenic peptide 

having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

x a first conserved residue of T, S and M; and 
a sec nd c nserved residue of Y; 
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wherein the first and second conserved residues are 
separated toy 6 to 7 residues. 

6. The composition of claim 5, wherein the first 
conserved residue is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position from the N-terminus. 

7. A composition comprising an immunogenic peptide 
having an HIA-A1 binding motif, which immunogenic peptide has 
between 9 and about 10 residues and the following residues, 
from the N-terminus to the C-terminus. 

a first conserved residue of D, E, A, s and T; and 
a second conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 5 to 6 residues. 

8. The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-terminus 
and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. A composition comprising an immunogenic peptid 
having a HIA-A11 binding motif, which peptide has between 
about 9 and about 10 residues and the following residues, from 
the Nterminus to the C-terminus: 

a first conserved residue of L, M , I, v, A, S, T, G 
N, Q, c, F, D, E; and 

a second conserved residue of K, R, h* 
wherein the first and second conserved residues ar 
separated by 6 to 7 residues. 

10. The composition of claim 9, wherein the first 
conserved residue is at the second position from the 
N-terminus . 

\ 

11. A composition comprising an immunogenic peptide 
havmg a HIA-A24.1 binding motif , which immunogenic peptide 
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has between about 9 and about 10 residues and the following 
residues, from the N-tenainus t the C-terminus: 

a first conserved residue of Y, F, W; and 
a second conserved residue of P, I, l, w, M; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
N-terminus . 



13. a composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or 10 residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, l, M, T, and V 
and a second conserved residue at the c terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues ar 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HIA-A11 binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 
N-terminus to the Cterminus: 

« * *« tonServed residue Becond position fr m 

the H terminus selected fro» th. group consisting of A, I, L. 
M, T and V; and ' 

a second conserved residue at the C terminal position 
selected from the group consisting of K; Position 

wherein the first and second conserved residue^ are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 
Pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a. ^3.2 binding motif, which immunogenic! peptHe ha"s 
between about 9 and ab ut io residues and the following 
residues, from the N-terminus to the C-terminus: 
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a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G/ D and E; and 

a sec nd conserved residue of K, R and Y; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a HIA-A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

wherein the first and second conserved residues are 
separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprising a 
pharmaceutical^ acceptable carrier and an immunogenic peptide 
having a KLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of t, S or M; and 

a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 
Pharmaceutical^ acceptable carrier and an immunogenic peptide 

9 In7aLT' A1 bindin9 m ° tLf ' ^ PSPtide hM 

9 and about 10 residues and the following residues, from the 

If • 

terminus to the C-terminus: 

a first conserved residue of D, e, s, T; and 
^ a second conserved residue of Y; 
wherein the first and second conserved residues are 
separated by 5 to 6 residues. 
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19. A pharmaceutical composition c mprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HIA-A24.1 binding motif, which peptide has 
a first conserved residue of Y, f, W; and 
5 a second conserved residue of F, I, l, W, or m; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

20. A method of identifying an immunogenic peptide 
10 comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif; 

15 the hi h * SeleC *, ing a ^ the antigenic protein having 

tuie bindxng motif; 

preparing a test peptide of about 8 and about n 
residues comprising the selected subsequences; 

to the b det 1 C ™ ining the abilit ^ ot the test peptide to bind 
to the preselected MHC allele and induce a CTL response, 
thereby identifying immunogenic peptides. 
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Cytotoxic Activity of an HLA-A1 -Restricted CTL Line 
Specific for a MAGE3 Peptide (1044.07) 



100 

.'5 80 
x 

u 
IS 

n 40H 



u 
o 
ex 

CO 



20- 





100 



Effector/Target 



Steinlin - Pep 
Steinlin + 1044.01 
Steinlin + ] 044.07 



nwl 888 (MAGE-3 -) 
— «nel 397 (MAGE-3 +) 
mel 938 (MAGE-3 +) 



X 



WO 94/03205 



21/25 



PCT/US93/07421 



If' 



? r 



Induct! n Using Different Methods 
to L ad P ptid s ont SAC-l Cells. 



OC144 
Al MAQM (fO«, 
SAC-I eettv. Pine* 



3:t 



10M 



C:T Ratio 



1 
m 

* 



0C1C4 
SAC-I Mihr. PMC* 




s«*i«* eciM 

*2 " AOM n044.tr/1044-it) 
«<r (iw W «r AS 



s 

s 




P»«f OC144 



■ uui i jpitfu. i 





WO 94/03205 



22/25 



PCT/US93/07421 



Figure 22 

Peptide Screening: 
MAGE/A11 



100-1 




E:T Ratio 




E:T Ratio 



WO 94/03205 



PCT/US93/07421 



at 

9) 



(0 



23/25 

P ptido Screening: 
HIV/A3 



100 



80 



60 



40- 



20- 



D nor X297 
HIV/A3 
Pool 1 




3:i 



nopaptid* 

1088.42 

1080.43 



10:1 



30: 1 



— O 

" i ■ 
00:1 



EHM ♦ K5«2 



E:T Ratio 




E:T Rati 



WO 94/03205 



24/25 



PCT/US93/07421 



Figure 24 



o 
CO 

* 



Peptide Screening: 
HCV/A3 



100 



80 



60- 



40« 



Donor GC2 
HCV/A3 
Pool 1 




20- 



ton 30:1 
E:T Ratio 



x 



X 



WO 94/03205 PCT/US93/0742 1 

25/25 



Figure 25 



*5 



u 

& 

CO 



Peptide Screening: 
HBV/A3 



100 



80 



Donor GC220 
HBV/A3 
Pool 1 



60 - 



40- 



20 - 




— r— 

3:1 



EHM + KSS2 



ion 
E:T Ratio 



— r— 
30:1 



00:1 



no peptide 

1088.15 



X 



INTERNATIO X SEARCH REPORT 



<mubonU application No. 

PCT/US93/07421 



I A. CLASSIFICATION OF SUBJECT MATTER 
IPQ5) :A61K 39/00; C07K 7/06, 7/08 
US CL : 424/88; 514/2; 530/300, 327, 32S 
According to International Patent Ciaatifiction (IPC) or to both national classification and IPC 
I B. FIELDS SEARCHED 

Minimum documentation searched (classification system foUowed by class ification symboU)" 
U.S. : 424/88; 514/2; 530/300, 327, 328 

1 Documcnution^h^ o,hcr«han minimum docu«ncnUiion U> the s^t hu .uch document. m included in the field. ^ rohcd 



I Electronic data base contulted during the international March 



(name of data baac and. where practicable, aearch term, used) 



I C. DOCUMENTS CONSIDERED TO BE RELEVANT 
C * tCS ° ry *l Citation of document, with induction, where appropriate, of fee relevant ^ 



Relevant to claim No. 



J. Exp. Med vol. 174, number 3, issued 01 September 1991 1-20 
Romero, et ah, "H2K-d-restricted antigenic peptides share a simple 
binding motif, pages 603-612, see especiaUythe abstract. ' 

nf^fi V °- 353 ; 26 Se P tem ber 1991, T. S. Jardetzky, et al I 1-20 
Idenhfication of self peptides bound to purified HLA-filr pages 
326-329, see entire document. 1 

Nature, vol. 351, issued 23 May 1991, K. Falk, et al "Allele- 1 1 20 
s^fic motifs revealed by sequencing of self-pepticJes eiuted^m 
MHC molecules", pages 290-296, see abstract 1 



□ 

Further documents axe listed i 

Spmcml 



in the continuation of Box C. J | 



See patent family annex. 



to W out of. 



I o« or efter the i 



I fUint date or I 



k apecified) 
eTT "»f to en end dadoaurc. 



* oo prxmry dmka(») or which m 

of Mother ckrioo or other 



international search 



! Datc of *«ual completion of the i 

01 November 1993 ^ 

! Name and mailing address of the ISA/US 
Coaj^ooer of Patenu snd Tr.detn.rts 

Wash in gt on D.C. 20231 

} Facsimile Nn NOT appt ipapt d 

Form PCT/15A/2I0 (.econd sheet)(JuIy 1992)*" 



Authorized officer 

THOMAS CUNNINGHAM 
3nc No (703) 308-0196 



to.perMofiilkdi.the.rt 

ional search report 



Teli 



X 



